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440. DETERMINATION OF LACTOSE IN DAIRY PRODUCTS* 


By J. BABAD anp A. GRUNPETER 


Dairy Research Laboratory, Agricultural Research Station, Rehovot, Israel 
(With 1 Figure) 


Most of the methods used for the determination of lactose in milk and dairy products are 
macro-methods for which large samples are needed (1). 

The necessity for a rapid micro-method for the determination of lactose, especially in 
cheese, arose during our work. At the time of this investigation the micro-method of 
Blackwood (2) was not known to us. This micro-method is based on the blood method of 
Hagedorn & Jensen, which was investigated along with some other micro-methods, but 
we found it to be unsatisfactory. After many preliminary experiments, we adopted the 
method of Somogyi-Schaffer(,4), originally developed for use in sugar determination in 
blood and based on the differential iodometric determination of the copper which has been 
reduced by lactose. As the reaction is not stoichiometric, it is necessary to use tables or 
make a calibration curve with known quantities of lactose. Quantities of 1-10-0 mg. can 
rapidly be estimated. By appropriate dilutions, larger quantities can be determined. 


EXPERIMENTAL 


Reagents 
0-1n-Na,8,0, stock solution (on the day of use, 25 ml. are diluted to 500 ml. to make 
0-005). 


0:1 n-Potassium iodate solution 


Copper reagent. Dissolve 25 g. anhydrous sodium carbonate and 25 g. Rochelle salt in 
500 ml. water (do not heat to dissolve). Add to this 75 ml. of 10% CuS0O,, using a pipette 
and keeping the tip of the pipette under solution of carbonate and tartrate. Add 20 g. 
NaHCO, and 5 g. KI. Add 200 ml. 0-1n-KIO,. Dilute the reagent to 1 1. and mix. 

Starch solution. 2% (1 g. soluble starch in 50 ml. water). 

5n-sulphuric acid. 

0-5n-NaOH solution. 

10% ZnSO,7H,0. 

Lactose (1% solution) (C,.H,,0,,H,O). 1-10 ml. diluted to 100 ml. with distilled water. 

All reagents analytical grade. 

Equipment 

Boiling water-bath. Ice. 

Test-tubes (size minimum 2:8 x 18 cm.). 

Burette. 

Pipettes (5 ml., 1 ml.). 

* This work was carried out within the framework of an extensive research programme on ‘ Products made 


from fresh and reconstituted milk and their amelioration’, with a grant from the Scientific Council of the Prime 
Minister’s Office, Government of Israel. 
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Method 

Pipette exactly 5 ml. of the lactose solution into the test-tube and add 5 ml. of the 
copper reagent. Mix thoroughly by gentle shaking. Close the test-tube with a loose glass 
stopper (such as a Kjeldahl bulb), and place in a boiling water-bath for exactly 15 min, 
Then cool it for exactly 3 min. in a water-bath of 30-40° C. Add to the mixture 1 ml. of 
5n-sulphuric acid, let stand for 2 min. and then titrate with 0-005 N-sodium thiosulphate 
until the colour changes from brown to yellow; at this point add about 4 drops of the 
starch solution and proceed with the titration until the blue colour disappears. (All the 
conditions described, especially the time intervals, must be closely adhered to, otherwise 
results will be incorrect.) 

When working in series, before the titration, the test-tubes should be put in ice after 
adding 1 ml. of H,SO, and waiting for 2 min. In every series, a blank should be taken 
(5 ml. water instead of sugar solution). 
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Fig. 1. 





A calibration curve was drawn according to the results with solutions of pure lactose 
(Fig. 1), each value being the mean of 8-20 determinations. Fig. 1 and Table 2 were 
obtained from the same series of experiments. Fig. 1 shows graphically the thiosulphate- 
lactose relationship, and Table 2 the variation obtained. 

In Table 1 the results of parallel estimations in solutions of known quantities of lactose 
are shown. 

Table 2 gives the result of testing the accuracy of the method in the whole range of 
the determinations. Both tables show the reproducibility of the method, the standard 
error, expressed as a percentage of the mean, being usually less than 3% with most of 
the results within the limits of 5%. 

The effect of citrate and lactate on the determination was tested. No interference was 
found. 

Milk and milk products 

Preparation of sample for analysis: 

Pipette 1 ml. milk and 20-30 ml. water into a 100 ml. volumetric flask; add 1 ml. of 
10% ZnSO,7H,O and mix. Under constant rotation add 1 ml. of 0-5n-NaOH. Stopper 
the flask and shake well, fill up to the mark, and filter after 15 min. 





* Sal 
1% sol 


* Sar 
1% soh 
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For whey, the treatment is the same. 
Soft cheese: Loosen or stir 10 g. cheese in 50-75 ml. water at 40° C. and transfer to 
a 200 ml. volumetric flask. Add 10 ml. of 10% ZnSO,7H,O; mix and add, under rotation, 


Table 1. Results of determinations of lactose by the proposed method with the 
variation encountered 
Lactose (mg.) 





—. is, 
Sample no. 2 In sample* Found Deviation (d) In sample Found Deviation (d) 
20 2 +1 60 58 -2 
2 +1 58 -2 
0 61 +1 
-1 62 +2 
-1 59 -1 
-1 60 0 
+2 57 -3 
0 57 -3 
-1 58 -2 
59 -1 
58-9 
La 37 (1-859 0-64 (1-079 
«= (J/ae-m) re ig 
* Samples containing 10-100 mg. lactose in 100 ml. distilled water prepared by appropriate dilution of stock 
1% solution; from these 5 ml. were taken for analysis. 


fe 
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Table 2. The accuracy of the proposed method for lactose determination 
Lactose (mg.) 





Sample no. n In sample* Found (mean) S.E. (mg.) S8.E. (%) 

8 10:3 0-61 5-9 
10 ‘ 20-3 0-45 2-2 
8 30-0 0:87 2-9 
9 40-0 1-10 2-8 
13 49-9 ° 1-0 
14 60-6 . 1-4 
20 73-6 : 2-4 
13 78-2 2: 3:3 
16 ¢ 89-1 : 2-2 
14 99-8 ; 0-8 


* Samples containing 10-100 mg. lactose in 100 ml. distilled water prepared by appropriate dilution of stock 
1% solution; from these 5 ml. were taken for analysis. 


Table 3. Recovery of added lactose as determined by the proposed method 
Lactose (mg.) 





Description of sample Sample no. In sample Added Found % recovery 


5-4 11-0 17-0 105 
5-4 8-0 14-0 107 
5-4 55 11-0 102 
2-7 11-0 13-0 94 
2: 16-5 18-5 96 
10-0 18-0 106 

50 13-0 107 

10-0 13-0 82 

5-0 31-0 95 


Milk 


Cheese 


Pw CF WW 


10 ml. of 0-5N-NaOH. Fill up to mark and after 15 min. filter. For the titration, dilute 


the filtrate 1:10. 
To test the method, we performed a series of milk analyses with addition of lactose. 


The results are given in Table 3. 
10-2 
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In comparison with the macro-method of Lehman() satisfactory results have been 
obtained, as shown in Table 4. 


Table 4. Comparison of the proposed method for lactose determination with that of Lehman 


Our micro- Lehman method 

Description of sample Sample no. method (%) (%) 

Milk 1 4-4 4-6 
4:5 
5-0 
5-7 
4-5 
5:55 
56 
7:3 
7:95 
2-2 
5:58 
5:57 


Lebben* 


Processed cheese 


Cottage cheese 


WBdoe We TP Ke PO 


* A kind of cultured buttermilk used as food in Israel. 


SUMMARY 
The necessity for a rapid and easy micro-method for the determination of lactose in dairy 
products arose during our work. The procedure for glucose determination in blood was 
adopted and modified for dairy products. Quantities of 1-10 mg. lactose can be estimated 
rapidly. Comparison with the macro-method of Lehman gave satisfactory results. 
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(MS. received for publication 10 November 1950) 
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441. EQUIPMENT FOR INDIVIDUAL-QUARTER 
MACHINE MILKING 


By H. 8S. HALL 
National Institute for Research in Dairying 


(With 2 Plates) 


INTRODUCTION 


Individual-quarter machine milking is an important technique in the study of mastitis, 
dairy-cow management and milking-machine design. In the course of such work equipment 
for this purpose was found necessary and suitable designs had to be produced. 

The mechanical problem of individual-quarter milking is not fundamentally different 
from the standardized technique of machine milking. The principal difficulty is to design 
the machine so that it will have adequate capacity for each quarter of a high-yielding cow 
without being too heavy and cumbersome. The practical result of this is that portable 
equipment is better restricted to the measurement of total quarter-yields; if rate-of-milking 
measurements are required a fixed equipment is more satisfactory. If the machine is to 
be used extensively, cleaning should not be much more difficult than with the normal 
milking machine; this affects the detail design and the materials of construction. 


REVIEW OF LITERATURE 


Several workers have described experimental equipment for individual-quarter milking. 
Turner 1) used four metal cylinders, each of 1 gal. (U.S.) capacity, contained in a wooden 
framework on which was mounted a moisture trap with a manifold pipe. The latter was 
connected to each of the four containers by means of rubber tubes for the evacuation of 
air, and long rubber tubes connected the container with the teat-cup. The pulsator section 
of a standard proprietary clawpiece was fitted in the normal way. McDowall 2) described 
a bucket-type individual-quarter milking machine in which quadrant-shaped containers 
were nested in a bucket with a vacuum-tight lid. This ensured that a uniform vacuum was 
applied to all four teat-cups. The bucket and inner containers were made of tinned steel, 
and each of the latter was 1? gal. (imp.) capacity. The bucket lid had four angle taps placed 
centrally over the quadrant containers and a connexion for vacuum. The clawpiece was 
made from tube, was simple in construction and was arranged for simultaneous pulsation 
on all four teats. The type and location of the pulsator was not described. An open pail 
having quadrant containers was used for hand stripping, being marked to agree with the 
position of the machine bucket relative to the udder. Both Turner’s and McDowall’s 
machines are suitable for measuring only the total yield of each quarter. 

Matthews, Swett & Graves(3) used a fixed multiple-container apparatus mounted on 
the wall in an abreast-type milking parlour. Each container was fitted with a calibrated 
gauge-glass tube, and by observation of these the rate of milking for each quarter could 
be measured. The containers were connected to the corresponding teat-cups by long 
tubber tubes and were evacuated through rubber tubes connected to four vacuum taps. 
The pulsator section of a standard proprietary clawpiece was used and connected to the 
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vacuum system in the normal way. The containers were mounted in a wooden framework, 
the top being between 6 and 7 ft. from the floor. They were emptied by drain-cocks fitted 
at the bottom of the gauge-glass. The capacity of each container was not stated. 

The abnormal length of the milk tubes, and the fact that the milk had to be elevated 
to a height greater than usual, resulted in a lag between the extraction of milk from the 
udder and its appearance in the gauge-glasses. However, this was estimated not to exceed 
0-42 lb. of milk per quarter. Tests showed that the equipment gave slower milking, 
presumably because the vacuum at the teat was reduced and because back-cords were 
used to offset the greater weight of the teat-cup assembly. The total yield was generally 
depressed by about 5%; no explanation of this is given, but the slower speed of milking 
would certainly be a contributing factor. 

In considering the design of individual-quarter milking machines for research work at 
Shinfield it was evident that there were uses both for a portable machine which allows 
only the total quarter-yields to be measured and also for a fixed equipment with which 
the rate of milking could be observed. Both types were designed and made during 1948, 
It was considered that provision for 11-12 lb. of milk per quarter would be adequate, and 
that the design and materials of construction should be such that easy cleaning and 
sterilization would be assured. 


DETAIL DESIGN—PORTABLE TYPE 


Most of the metal parts, including all those in contact with milk, were made from welding- 
quality 18/8 stainless steel and dull polished. The pail was cylindrical and fabricated from 
18g sheet, the internal dimensions being 1144 in. diam. by 15? in. high. The bottom 
reinforcing ring and the carrying handle were of conventional design, the top rim was 
reinforced by a $ x4 in. band, over which the sheet was dressed in order to provide a fair 
face for the rubber sealing ring. The four quadrant containers were made from 18g sheet 
and sized to fit firmly in the pail; the orientation was determined by a lug welded to the 
inside of the pail. Each container had a 5; diam. rod welded across the top to form a 
handle. The pail and quadrant containers were all generously radiused to simplify cleaning. 

The lid was turned from 3 in. plate, the metal for the spigot being laid on by arc welding 
and consisting of several runs of 10g electrode. A standard Gascoigne pail handle was 
attached to stainless steel studs and fixed by cap-nuts; the pail handle engaged with the 
lid handle to give the initial pressure required for the vacuum seal and automatically 
orientated the lid. A standard Gascoigne moisture trap was used as the main vacuum 
connexion, being silver-soldered to the lid in a convenient position. A standard Alfa-Laval 
pulsator was used; this was set on a rubber pad and fixed by a clamping screw under the 
handle so that it could be easily removed when the equipment was washed and sterilized. 

The milk connexions were four tubes ;°; in. internal diameter hard-soldered to the lid 
in central positions over the quadrant containers. These tubes projected ? in. from the 
underside of the lid and were cut at 45°. The 2 in. projection above the lid was cranked 
at 45° on a ;% in. radius to prevent kinking of the rubber milk tubes. They were colour 
coded to conform with the system in use at Shinfield. This is as follows: 

Right fore Red Right hind White 
Left fore Blue Left hind Green 


The four rubber milk tubes were } in. internal diameter by 36 in. long, and were made from 
rubber coloured to correspond with this code. 
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The clawpiece was made from 18/8 stainless steel and designed for easy cleaning. The 
milk side-tubes were arranged to give vacuum cut-off when the teat-cups were unsupported, 
and the vacuum distribution block arranged to pulsate the left-hand and right-hand sides 
alternately. To simplify daily cleaning the milk tubes were externally threaded and pro- 
vided with screw-caps making a face joint. The ways in the vacuum distribution block 
were closed by removable screwed plugs. Experience with the clawpiece suggests that its 
weight should be increased; this would also allow a desirable improvement to the design 
of the joints between each milk side-tube and its main tube. Standard teat-cup assemblies 
were used. 

DETAIL DESIGN—FIXED TYPE 
This equipment was designed for use in an elevated cow stall in order that the teat-cup 
cluster and milk tubes should be higher than the measuring cylinders, thus ensuring rapid 
transfer of the milk to the containers. The stall accommodated one cow and was of the 
walk-through type, the manger being hinged. The floor of the stall was 3 ft. 3 in. above 
the floor level at which the operator worked, and the equipment was fixed to the face of 
the wall in a convenient position but safe from damage by the cow. 

The back-board, to which the components were fixed, was constructed in timber; it was 
covered with Paxolin to provide a hygienic surface and to give a black background. Four 
studs 4 in. long projected from the wall and engaged in lugs fixed to the back of the board, 
giving a rigid mounting but making the equipment easily removable. A 1 in. diam. 
vacuum manifold was fixed on the back of a board having four } in. nipples for connexion 
to the milk containers, a } in. connexion to the vacuum gauge, a 1 in. connexion to the 
vacuum regulator and a # in. connexion to the pulsator. A 1 in. main stop-cock was fitted 
to the end of the manifold with a suitable nipple for connexion to the vacuum line. An 
automatic drain was fitted at the lowest point of the manifold. 

The four milk containers were Perspex cylinders fabricated from } in. sheet 4 in. external 
diameter by 2 ft. 6 in. long, holding just over 11 Ib. of milk. They were closed at one end, 
the open end being machined flat and square. They were individually calibrated and marked 
with } and 3/5 lb. scales. Each cylinder stood on a small stainless steel platform in a shallow 
Bakelite cup. A plated brass lid with a rubber sealing ring closed the open end and carried 
nipples for the milk and air connexions. The former was shaped to discharge the milk 
down the side of the cylinder to minimize frothing. The lid was carried loosely in a hinged 
tork so that the cylinder could be quickly removed for emptying; the fork was spring-loaded 
to give the initial pressure required for sealing, and arranged to hold securely the lid and 
connexions clear of the cylinder when required. 

The teat-cups, clawpiece, milk and air tubes were identical with the assembly used on 
the portable type. The vacuum regulator was modified from the standard Gascoigne in 
order to provide some choice of vacuum for experimental purposes. The pulsator was the 
standard Gascoigne pendulum pulsator, the position of the weight being adjustable to 
give a range of pulsation rate. 

OPERATION 
It was considered necessary with either type of equipment that the frictional resistance 
to milk flow from each teat-cup to its container should be identical. Each teat-cup assembly 
was therefore tested by drawing water through the teat-cups, clawpiece and milk tubes 
into the containers. To do this the clawpiece was held inverted and level, the mouths of 
the teat-cups being just clear of the surface of water contained in a large bucket. Vacuum 
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was applied and the teat-cups quickly and smoothly lowered into the water, care being 
taken to keep the clawpiece level. When approximately 2 gal. of water had been used the 
teat-cups were quickly lifted out of the water and above the level of the milk containers, 
After the tubes had drained, the weights of water in the four quadrant containers or the 
four Perspex cylinders were compared. In the first instance they were not in close agree- 
ment. The frictional resistance of the milk-ways in the clawpiece was checked by measuring 
the rate at which water would flow through them under a constant head of about 10 ft, 
and the slight differences were corrected by hand-finishing. The rubber milk tubes were 
tested by the same method, and differences were found to be due to slight ovality which 
gave a variable cross-sectional area of bore. Tubes with the same characteristics were 
therefore selected and used as a set. 

The portable unit is slightly larger and heavier than a conventional bucket unit, but 
this has proved to be no practical inconvenience. It introduces no unusual procedure into 
the milking operation and can be used under precisely the same conditions as the ordinary 
plant. No special cleaning routine is necessary, and steam sterilization of the equipment 
follows conventional practice. 

Operation of the fixed equipment also presents no difficulties. The presence of froth in 
the milk containers does not seriously hamper readings when only the total yield per 
quarter is required, but is some disadvantage if rate of flow is being measured (4). Cleaning 
and sterilization of the equipment are not difficult ; a chemical sterilizing agent is necessary, 
however, for the Perspex cylinders. 


The helpful suggestions of Mr F. H. Dodd, Mr F. K. Neave and my colleagues in the 
Engineering Department are gratefully acknowledged. 
Copies of working drawings and sketches are available on request. 
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Fig. 1. Component parts of the portable quarter-milker. 


Fig. 2. The fixed type quarter-milker. 
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442. VARIATIONS IN COMPOSITION OF COWS’ MILK 
DURING A PERIOD OF 12 WEEKS 


By J. FEATHERSTONE, C. D. RICKABY anp A. J. CAVELL 
(With 3 Figures) 


OBJECT AND SCOPE OF THE INVESTIGATIONS 


This paper gives an account of a detailed study of the composition of twelve individual 
cows’ milk from 9 March until 23 May 1950. The general composition of the bulked milk 
from 28 February, both mornings and evenings, sampled twice weekly during the period 
is also included. The herd was of mixed stock but mainly Friesian breed, and all the cows 
except one had calved between September 1949 and January 1950 for winter milk produc- 
tion. One cow (no. 8) was sold off at the end of March, and up to that time her milk was 
included in the bulk. 

Originally the investigation began as an advisory case, the milk having been reported 
by the Public Health Authority as low in non-fatty solids when subjected to test on 
1 February 1950. The figures returned were 8-20% (p.m.) and 8-26% (a.m.). 

Inquiry revealed that the herd was well-managed and healthy—with no clinical mastitis 
at the time—but the feeding appeared to be over-generous as judged from the following 
‘balance sheet’ of daily requirements and estimated food supply: 


Ib. 8.5. Ib. P.E. Total s.5. Total P.z. 
Daily requirements: 
Cows—maintence (14) 7:0 0-7 98-0 9-8 


Milk production (484 gal.) 2-5 0-5 121-2 24-2 
219-2 ; 


Daily food supply: 
Seeds hay (240 Ib.) 33-0 4-5 79-2 
Mangolds (420 Ib.) 6-0 0-5 25-2 
Concentrates (264 Ib.) 68-0 13-0 179-5 
283-9 
8.E. =starch equivalent; P.z.=protein equivalent. 

This indicated the possibility of ‘forcing’ milk production beyond the optimum economic 
level, and the further possibility that the compositional quality may also have been affected 
by over-stimulation. 

Accordingly, therefore, some reduction in the food allowances was advised pending 
a further visit and milk tests. The bulk milk from 20 to 21 February showed no improve- 
ment, containing 8-10 and 8-22% s.n.r. An accurate check on the amounts of food being 
allowed was carried out on 21 February, when it was ascertained that 170 lb. hay and 
220 Ib. concentrates were being fed. The roots remained at 420 Ib. From this date more 
care was taken with the weighing of the foods, and the following rations—which included 
only minor alterations—were fed: 

Maintenance 14 Ib. hay, 40 Ib. mangolds 
Production 4} lb. concentrates per gal. 


These included 6 Ib. of a proprietary mineral mixture per 200 lb. concentrates instead 


of the former 3 Ib. per 200 Ib., and thus adequately covered the theoretical requirements 
of the herd for lime, phosphoric acid and probably trace elements. 





156 Variations in composition of milk 


Later the introduction of 15% dried grass cubes was tried for 14 days, but discontinued 
. when analysis showed these to be of low grade. Salt licks were also provided in the field, 
These efforts to bring the feeding more strictly in line with theoretical requirements 
had no appreciable effect upon the composition of the milk, although there was a drop 
in yield of about 4 gal., which was more than offset by the saving in purchased foods, 

It was decided at this time to make repeated analyses of the individual cows’ milk over 
a period, with the main object of studying the variations occurring in the separate con. 
stituents during mid-lactation, which also covered the change-over from winter rationing 
to all-grass feeding. 

Conditions for such an investigation were very good, since not only was the milking 
regularly and efficiently performed by father and son, but accurate weighings of food and 
of milk were possible. The milking hours were 7.30 a.m. and 5.15 p.m. (intervals 93 and 
14} hr.). Although somewhat overstocked with 17 cow equivalents on 29 acres, there was 
at no time any question of a shortage of food on the farm, and the seeds hay was of medium 
quality (83% crude protein, 35% crude fibre). 


SAMPLING AND ANALYTICAL PROCEDURE 


Sampling of the individual cows’ milk was undertaken by one of us twice weekly—usually 
Monday and Thursday—at the evening milking. The bulk was also sampled ex chums 
on completion of the milking, the morning’s bulk of the same day having previously been 
sampled by the farmer. Since the herd is recorded, full details of quantities were also 
available. Examination of samples in the laboratory took place the following day. The 
usual methods were employed with occasional duplication for check purposes. 

It will be noted that there are two columns for total solids, T.s.(£.) denoting the figure 


obtained by evaporation and 1.s.(c) the figure obtained by adding the amounts of fat, 
lactose, crude protein and ash determined separately. 1.s.(E.)—T.8.(C.) represents the 
constituents not determined, together with the balance of any laboratory errors in esti- 
mating the fat and protein (lactose and ash should be accurate determinations). 


Description of Tables 1, 2 and 3 
Table 1 gives the mean value (from twenty-four results) and the range of variation of 
each constituent for each of the cows (except no. 8—sold off in March) during the period 


28 February to 23 May 1950. 
In view of the small and very gradual decline in yield, these arithmetical means would 


be very similar to the true mean values. 
Table 2 shows the s.n.F. and fat content of each cow’s milk at each bi-weekly test over 


the period. 

Table 3 gives the amounts and general composition of the churn milk on each day of 
visit, the weighted average content of fat and s.n.F. for both morning’s and afternoon's 
milk, and the over-all yield and general composition for the bulked a.m. and p.m. milk. 


Description of Figs. 1, 2 and 3 
The data given in Table 3 are presented in graphical form in Fig. 1 in order to show more 


clearly the fluctuations observed. 
Figs. 2 and 3 are graphical presentations of the bi-weekly variations of each constituent 
in the milk of two cows, viz. nos. 10 and 11. 





Mean value Range 
Cow no. 1, Darkie, Fr., 8 years, B 


Table 1 


Mean value Range 
Cow no. 2, Darkie 2nd, Fr., H, 24 years 


% 7.8.(E.) 12-76 
3.N.F. 8-32 
Cl 0-112 
Fat 4-44 
Lactose 4-28 
©.P. 3-15 
Ash 0-715 
T.8.(C.) 12-61 


12-21 -13-33 
7-81 -— 8-61 
0-090- 0-134 
3-70 — 5-00 
3°90 — 4-50 
3-00 — 3-40 
0-68 — 0°74 
12-02 -13-17 


Cow no. 4, Bluey, Fr. x Sh., 8 years 


0, 7.8.(E.) 11-65 
S.N.F. 7:99 
Cl 0-121 
Fat 3-66 
Lactose 4-23 
O.P. 2-84 
Ash 0-72 
T.8.(C.) 11-49 


11-19 -12-37 
7-75 -— 8-27 
0-109- 0-138 
3-00 — 4-20 
4:10 - 4:30 
2-55 - 3-15 
0-64 — 0-76 
11-00 -12-07 


Cow no. 6, Bluebell, Fr., H, 24 years, B 
12-89 
9-00 


9% 1.S.(E.) 
$.N.F. 

Cl 0-076 
Fat 3-89 
Lactose 4-56 
C.P. 3:47 
Ash 0-76 
7.8.(C.) 12-58 


11-77 -13-52 
8-66 — 9-34 
0-066-— 0-088 
2-70 — 5-40 
4-40 -— 4-80 
3°10 - 3-75 
0-71 — 0-80 
11-50 -13-29 


Cow no. 8, Topsy, Sh., 8 years, B 


% T.S. 12-02 
Fat 4-00 
S.N.F. 8-01 


11-81 -12-40 
3-45 -— 4-75 
7-45 -— 8-37 


Cow, no. 10, Katie, Fr., 9 years 


% T.S.(E.) 11-50 
S.N.F. 7:79 
Cl : 0-159 
Fat 3-70 
Lactose 3:60 
C.P. 3-28 
Ash 0:77 


10-62 —12-62 
7:29 — 8-52 
0-136- 0-176 
2:95 - 4-20 
3-40 — 3-85 
2-90 - 3-80 
0-60 — 0-82 


% 7.8.(E.) 
S.N.F. 

Cl 

Fat 
Lactose 
c.P. 

Ash 
T.S.(C.) 


12-71 
8 


“25 
0-103 
4-46 
4-37 
3-07 
0-70 

12-60 


11-78 -13-60 
7:90 — 8-60 
0-096- 0-126 
3-30 — 5-70 
4:30 — 4-55 
2-80 — 3-30 
0-65 — 0-79 
11-55 —13-48 


Cow no. 5, Greygirl 2nd, Ayr, H. 24 years 


% T.8.(E.) 
S.N.F. 

Cl 

Fat 
Lactose 
C.P. 

Ash 
T.S.(C.) 


12-57 


8-52 
0-094 
4-05 
4-38 
3°27 
0-73 
12-49 


11-93 —13-60 
8-32 -— 8-76 
0-084— 0-102 
2-65 — 5-70 
4:25 - 4:55 
3-05 — 3-50 
0-68 — 0-77 
10-97 -14-00 


Cow no. 7, Rosie, Fr., 74 years 


% T.S.(E.) 
S.N.F. 

Cl 

Fat 
Lactose 
C.P. 

Ash 
T.S.(C.) 


12-49 


8-47 
0-109 
4-02 
4-27 
3-30 
0-74 
12-34 


12-14 —12-82 
8-25 -— 8-85 
0-100- 0-116 
3°65 -— 4:35 
4-15 — 4:35 
3-15 — 3-55 
0-59 — 0-77 
12-01 -12-70 


Cow no. 9, Daisy, Fr., 4 years, M 


% T.S.(E.) 
S.N.F. 

Cl 

Fat 
Lactose 
C.P. 

Ash 
T.S.(C.) 


12-55 
8-37 
0-106 
4:17 
4-10 
3°31 
0-78 


12-42 


11-73 -15-34 
8-08 - 8-81 
0-094— 0-132 
3-40 -— 7-25 
3:55 — 4:25 
3-10 — 3-60 
0-75 — 0°85 
11-52 -15-16 


Cow no. 11, Buttercup, Sh., 64 years, M 


% 7.8.(E.) 
S.N.F. 

Cl 

Fat 
Lactose 
C.P. 

Ash 


12-67 


8-81 
0-077 
3°86 
4:57 
3-32 
0-75 


11-02 -14-08 
8-36 — 9-12 
0-056— 0-118 
2-20 — 5-30 
4:30 - 4-70 
3-15 - 3-60 
0-70 — 0:80 
10-85 -14-11 


7.8.(C.) 11-37 10-35 -12-57 
Cow no. 12, Greygirl, Ayr, 74 years 

% 7.8.(E.) 11-90 11-36 -12-58 

8-63 8-39 - 9-16 
0-088-— 0-106 
2-90 — 3-70 
4:25 - 4-55 
3:05 - 3-65 
0-71 - 0-76 
11-16 -12-55 


0-095 
3:26 
4-39 
3°33 
0-74 
11-76 


Mean value 


T.S.(C.) 12-52 
Cow no. 13, Rosie 2nd, Fr., 5 years, B 
% 1.8.(E.) 12-26 11-54 -13-12 
S.N.F. 8-62 8-09 - 9-01 
Cl 0-088 0-080- 0-102 
Fat 3°64 3-30 — 4-60 
Lactose 4-49 4-30 — 4-65 
O.P. 3-29 3-00 -— 3-55 
Ash 0-70 0-66 — 0-79 
T.S.(C.) 12-14 11-72 -12-91 


Range 


Cow no. 14, Dolly, Fr., 5 years 


% T.S.(E.) 
S.N.F. 

Cl 

Fat 
Lactose 
C.P. 

Ash 
T.S.(C.) 


Fr, =Friesian 
Ayr = Ayrshire 
Sh. =Shorthorn 
M =Mastitis 

B =Barren 

H =Heifer 


11-96 
8-24 
0-087 
3-73 
4-57 
2-90 
0-68 

11-89 


11-48 —12-38 
7:87 — 8-62 
0-076— 0-096 
3°30 - 4:05 
4-45 — 4-70 
2-75 - 3-15 
0-63 - 0-77 
11-36 -12-32 


T.8.(E.) =total solids, estimated 


S.N.F. 
Cl 
O.P. 


=solids-not-fat 
= chlorides 
=crude protein 


T.S.(c.) = total solids, calculated 
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Cow no. 10 gave abnormal milk throughout, whilst cow no. 11 may be considered as 
more typical of the herd. 


GENERAL DISCUSSION OF TABLES AND FIGURES 
The general picture is one of consistency of composition for each individual cow’s milk, 
butterfat being the chief variant over the period under review. 

There is, however, a gradual but highly significant rise in the protein and, therefore, 
in the non-fatty solids in every case, which is undoubtedly due to the effect of changing 
over to spring grass feeding. 

This is most clearly seen in the graphs, the increase in protein beginning in early April 
and continuing to mid-May. 
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3. iii. SOF 
9. iii. SOL 
13. iii. SOF 
16. iii. SOF 
20. iii. SOF 
23. iii. SO 
27. iii. 50- 
30. iii. SOR 


=e & 
Date of sampling 
Fig. 1. Variations in bulked milk. 


Up to 3 April the cows were turned out for daily exercise on a permanent pasture with 
little growth of herbage. From 3 April till 30 April they were allowed access to a new ley, 
where growth was more advanced, for a period of about 1 hr. daily, then turned into the 
old pasture for the rest of the day. Growth of herbage on the old pasture became noticeable 
after the first week in April, when allowances of hay and roots were gradually reduced 
until by 4 May small allowances of concentrates only were being fed. 

As from 30 April the cows were turned out day and night and were kept for 4-5 hr. on 
the ley, the remainder of the time on the pasture. 

Apart from this general rise in protein and the well-known fluctuations in the fat 
content of individual cows’ milk, the most striking observation is the uniformity of the 
other constituents of each cow’s milk during the period considered. These will presently 
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be discussed separately, but it seems from the results of this study that one could place 
a good deal of reliance upon one or two tests only of individual cow’s milk so far as the 
non-fatty solids are concerned. 

A comparison between individual cows’ milk as presented in Table 1 shows that there 
may be quite marked differences in composition, even though all cows may be at about 
the same stage in lactation. Further, it is seen that such changes in the quantity and 
quality of winter rations as were introduced during the early weeks of this investigation 
had no effect upon the composition and but little effect upon the volume of the milk 
yielded. 
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6. iii. SO 

9. ii. SOF 
13. iii. SOP 
16. ti. SOF 
20. iin. SOF 
23. iii. SOF 


Date of sampling 
Fig. 2. Cow 10. Katie. 


DISCUSSION OF CONSTITUENTS INDIVIDUALLY 
Fat. Considerable variations in the fat content of individual cow’s milk from day to 
day have been reported by numerous observers, for example, in Mr Buckley’s herd @). 
A variation of 100% fat, or more between successive a.m. or p.m. milkings, is regarded 
as common with some cows, although others are more consistent. Taking the figures of 
the present investigation it will be seen that only occasionally does the fat rise or fall 
by more than 10% above or below the mean value for the period. Even so, it is quite 
impossible to predict the extent of this aberration, which very occasionally assumes an 
unduly high magnitude, for examples, 
Cow no. 9, 23 March: 7-25°% fat. 
Cow no. 11, 16 March: 2-20% fat. 


Fat secretion appears to be a highly sensitive process, and for this reason it would be 
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unwise to assess the fat-producing quality of an individual cow merely by one or two 
tests at short intervals. 

Solids-not-fat. Tocher() examined the daily variations in s.N.F. from individual cows 
and found differences of as much as 0-40% from one day’s milk to the next. Even greater 
daily variations have been reported (see, for instance, chart no. 2, Ministry of Agriculture 
Bulletin, no. 16@)), but the mixing of milk from a number of cows tends to ‘iron out’ 
these variations, and the larger the herd, the less will they tend to become. 

In this investigation individual cows gave very consistent amounts of non-fatty solids 
at 3- or 4-day intervals, and this, of course, is reflected in the graph for the bulked milk 
(Fig. 1). 
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Fig. 3. Cow 11. Buttercup. 


If this observation can be supported by similar evidence, and found to be generally 
reliable, it would be of some value where attempts are being made to improve the quality 
of bulk milk by culling individual cows giving milk of low compositional quality. Whereas 
a number of tests—say four at least—would be necessary for butterfat, it is possible that 
more reliance can be placed on but one or two tests for s.N.F., especially if two tests give 
good agreement. - 

Crude protein. It has already been noted that these figures improved in each case with 
the ingestion of increasing amounts of spring grass. Apart from this they showed little 
variation per individual, though there are differences ranging from 2-55 to 3-80°% between 
individual cows at various times. Of the seven cows yielding milk low in s.N.F. (below 
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850° on the average), four gave milk with less than 3-20% protein, the average figure 
for the herd as a whole. 

Total ash. These figures are remarkably consistent and call for no comment, except 
that the overall mean figure 0-73 % is rather below the accepted average. 

Chlorine and lactose. These are considered together because it has been suggested by 
Koestler (3) and others that the value (% Cl/% lactose) x 100 is useful in assessing the 
normality of milk, especially in relation to disease of the udder. Average values for 
chlorides in bulked milk may be taken as around 0-100%, and for lactose between 4-70% 
and 4:80°%. Thus an average Koestler number would be 2:1. 

It will be observed from Table 1 that individual cows’ milk showed some deviation 
from these figures, the most striking being no. 10—the oldest in the herd—for which 
the mean chlorine figure was 0-159 °% and the mean lactose 3-60 %, giving a mean Koestler 
number of 4-42. 

Calculations of this number from the mean chlorine and lactose figures of the other 
cows’ milk gives a range of from 1-70 to 2-86. 

In an exhaustive study of the chlorine and lactose figures in the foremilk of Holstein 
cows, Vanlandingham and others(4) obtained a range varying from 1-62 to 6-79 for the 
Koestler number of separate quarters, with an average of 2-61 and a mean difference 
between quarters of 0-184. 

Though in the present investigation we examined the complete milk (not foremilk), 
our figures confirm the considerable differences in this number as between individual 
cows. We were also able to show in two instances where mastitis occurred and was treated 
with penicillin, that the chlorine/lactose number showed a temporary and delayed increase 
following the incidence of the outbreak. 

Of the seven cows yielding milk low in s.N.F., five gave milk with less than 4-32% 
lactose, the average figure in the herd as a whole, but considerably lower than that quoted 
by various authorities (e.g. Overman, Garrett, Wright & Sanmann(16)). 


DIET AND MILK COMPOSITION 


Recorded work on the effect of diet upon compositional quality of milk is voluminous but 
still somewhat conflicting. Thus Riddet, Campbell, McDowall & Cox in New Zealand 6), 
Rowland & Bartlett in England) and Lutz in Switzerland (7), all found that cows on a 
low diet—say 66% of standard requirements for energy and for protein—gave less milk 
of lower compositional quality than cows adequately fed. 

On the other hand, Bartlett, Foot, Huthnance & Mackintosh (8) showed that no difference 
in milk composition resulted from feeding 0-4 lb. p.z. per gal. as compared with 0-6 lb. 
P.E. per gal., except that the milk yield response to grass feeding was greater in the 
case of the low-protein groups of cows. 

Perhaps the influence of inadequate or unbalanced feeding only becomes evident where 
the errors are relatively gross. It is, nevertheless, desirable in all cases where low-quality 
milk is reported that the adviser should do all he can to check the rationing. Of recent 
years there has been much concern in Great Britain on account of the steady decline in 
both fat and s.n.F. content of bulk-milk supplies to factories and dairies. 

Thus Rowland (9) found in a certain dairying area surveyed during the early months of 
1942 and 1943 that the average s.N.F. content was unusually low, and the incidence of 
churn samples failing to reach 8-50° was much greater than in pre-war years. In a 
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summary of the position presented by H. D. Kay (0,11) the causes of low compositional 
quality are attributed to both breeding and feeding deficiencies, the latter assuming more 
importance during the period of war-time shortages. Similar facts and conclusions are 
presented by Provan & Jenkins (12), and later by Provan (3), from a study of certain Milk 
Marketing Board records. These authors emphasize the importance of adequate winter 
fodder crops, particularly hay, in maintaining the output and quality of winter milk. 

Regarding the effect of spring grass, as early as 1928 Davies & Provan(4) noted that 
the effect of a fortnight’s grazing was to bring about an increase in the total protein, 
calcium and phosphorus concentration in milk. This was more striking where the change 
was from a poor winter ration than from a good one. More recently this finding has been 
emphasized by the workers at the National Institute for Research in Dairying(5), who 
conclude that the active principle in young grass is of the nature of an oestrogenic hormone 
or hormones. 

Unfortunately, experiments by the same workers have shown that this useful factor 
is not apparently preserved in either silage or dried grass, since neither possesses the power 
to raise the percentage of protein or other solids in milk. 


SUMMARY 


The milk from twelve individual cows in a mixed herd in Shropshire was sampled twice 
weekly over a period of 12 weeks, which covered the transition from winter to summer 
conditions of feeding. Detailed analytical results are tabulated, and certain figures 
presented in graphical form. In addition, bulk samples of both morning’s and evening’s 
milk were obtained and tested for fat and solids-not-fat. 

On the whole the results show great individual consistency of composition, but an 
appreciable rise in the crude protein content of the milk from all cows took place in late 
April and in May, this effect being attributed to the change-over in feeding to an all-grass 
diet. From a consideration of the figures obtained, it is deduced that: 

(1) The average composition of mid-lactation milk may differ markedly from cow to 
cow, but appears to be unchanged by minor alterations in the winter rations, provided 
these are reasonably satisfactory to begin with. There is, however, a marked increase in 
total protein resulting from the introduction of spring-grass feeding. 

(2) The results show that a herd, although well-fed and efficiently managed, may 
produce milk in te late winter months, and even in the early spring, which is below the 
legal standard of 8-50% in s.N.F. 

(3) Whilst fat percentages may be very irregular in individual cow’s milk from sampling 
to sampling, there appears to be more consistency in the s.N.F. percentages, and two tests 
may often suffice in evaluating this factor for the purposes of culling. 

(4) The ratio (% Cl/% lactose) x 100 tends to rise where mastitis has occurred, but is 
by no means a constant figure in the normal milk of individual cows. 


The authors desire to thank the owner of the herd, Mr J. F. Leath, Bloomsbury Farm, 
Weston Heath, Shifnal, and his family for their close co-operation and interest throughout 
the course of this investigation. 
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INTRODUCTION 

In Part II of the report) an example was given of a possible method of grading milk on 
the basis of keeping quality using the clot-on-boiling (c.0.B.) test to determine the end- 
point. The standard suggested is a keeping quality of 24 hr. at 22° C. from the time the 
milk leaves the farm—at approximately 9 a.m. each day—for delivery to consumers or 
toacreamery. To avoid the practical difficulties of sampling all milk at farms and beginning 
the incubation of samples at 22° C. at 9 a.m., provision is made for incubation at 22° C. 
to be begun at 4 p.m. on the day of sampling, it being assumed that samples are stored at 
shade atmospheric temperature between 9 a.m. and 4 p.m. To offset the effect of day-to-day 
variations in temperature during this storage period an adjustment is made in the length 
of the incubation period at 22° C. before the c.o.B. test is applied. It is the aim of the 
proposed scheme to establish a fixed standard of residual keeping quality for milk at the 
time it leaves the producer’s possession; temperature compensation, i.e. the variation in 
the time of applying the c.o0.B. test, is merely an expedient to permit convenient sampling 
and testing in practice. 

In the example given, testing times occur between 8.30 a.m. and 3.30 p.m. Other 
standards of keeping quality will, of course, involve testing at other times. Thus for a 
standard of keeping quality of 21 hr. at 22° C. the testing times would be between 5.30 a.m. 
and 12.30 p.m. Obviously, it would not be convenient to test samples at such an early 
hour. An apparatus to apply the c.0.B. test automatically at any predetermined time is 
described in the Addendum (p. 189). 

Within limits, adjustment of the temperature of incubation will bring testing times 
within normal laboratory working hours. For example, testing times for a keeping quality 
equivalent to 21 hr. at 22°C. can be arranged to fall within normal laboratory working 
hours by incubating samples at 22° C. in winter and at 18° C. in summer (see Table 1 A). 

To obtain further information about the proposed temperature-compensated keeping 
quality test in practice, and particularly about the standards it would be possible to apply 
should this method of milk grading be adopted, arrangements were made to test milk 
produced in different areas of England and Wales at approximately fortnightly intervals 
throughout a whole year. In each area retail and wholesale producers of designated and 
undesignated milk were included. To permit a comparison with existing grading practices, 
the methylene-blue (44/53 hr.) test, the methylene-blue ($ hr.) test, and the routine 
resazurin test were applied to samples, in addition to the proposed temperature-compen- 
sated keeping quality test. 

EXPERIMENTAL 
Selection of farms 
The trials were carried out in eight widely separated areas of England and Wales. In each 
area the work was undertaken by the Provincial Advisory Bacteriologist and his staff. 
The trials were begun in November 1947, and ended in December 1948. 

A random selection of farms in the true sense was not possible. With producer-retailers, 
for example, it was necessary to make a selection from producers already being sampled 
by each provincial laboratory. With producer-wholesalers it was necessary to select farms 
supplying creameries that were near the provincial laboratory, for samples of evening 
milk had to be at the laboratory before 12 noon on the day of sampling for examination 
by the methylene-blue (44/53 hr.) test. Farms not run on commercial lines were excluded. 
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Within these limits the selection of farms was random, and those selected were typical 
of the milk-producing farms in the respective areas. 

The farms were selected from the following four types of producers: 

A. Retail-producers of designated (T.T. or Accredited) milk. 

B. Retail-producers of undesignated milk. 

C. Wholesale-producers of designated (T.T. or Accredited) milk. 

D. Wholesale-producers of undesignated milk. 


Sampling 

It was desired to test samples from each selected producer twice a month for a complete 
year. Since it was required to examine evening and morning milk separately, samples from 
producer-retailers were taken at the farm in the morning just before delivery to the 
consumer; whenever possible milk from wholesale-producers was sampled on delivery to 
a creamery. 

The sampling technique for the routine resazurin test (2) was followed. On each occasion 
composite samples of the evening and morning milk were taken separately; within } hr. 
a third sample was prepared by transferring about 30-40 ml. from each evening and morning 
sample into a sterile bottle. The sample of morning milk was labelled (M), evening milk (E) 
and the mixed milk (X). 

Treatment of samples 

The samples were transported to the testing laboratory with the minimum of delay. 
On arrival at the laboratory 10 ml. quantities were transferred aseptically to each of three 
sterile 6 x $ in. test-tubes for the dye tests at 37-38° C.; the remainder of each sample 
was left in the original bottle for the keeping quality tests. 


Storage and testing of samples 

Methylene-blue (44/54 hr.) test. In this test, as now applied to designated milk in England 
and Wales(3), evening samples are tested at 10 a.m. the following morning. In these trials 
testing at 10 a.m. was not always possible as samples could not be brought back to the 
laboratories in time. Accordingly, it was decided to use the test for samples of evening (E) 
and mixed (X) milks reaching the laboratories before 12 noon; samples arriving after 
12 noon were not examined by this test. Morning (M) samples were stored at shade 
atmospheric temperature until 6 p.m., cooled in ice-water and stored overnight in a 
refrigerator at 32-40° F.; the test was begun at 10 a.m. on the day after sampling. 

Samples not decolorizing methylene-blue (3) in 44 hr. between 1 May and 31 October, and 
in 54 hr. between 1 November and 30 April were deemed to have passed the test. 

Methylene-blue (3 hr.) test. The tubes of milk were stored at shade atmospheric tempera- 
ture until 9-10 a.m. on the morning after sampling. Samples not reducing the dye within 
4 hr. were deemed to have passed the test (6). 

Routine resazurin test. The tubes of evening (E) and mixed (X) milks were stored at 
shade atmospheric temperature until 4 p.m. on the day of sampling, and those of morning 
(M) milk until 9-10 a.m. on the morning after sampling. After incubation for the time 
prescribed—depending on the mean shade atmospheric temperature—in the routine 
resazurin test technique (2) the disk reading was recorded. Samples reducing to disk } or 0 
were placed in category C in accordance with the standard procedure. 
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Keeping quality (c.0.B.) test. The original plan for these trials included only one standard 
of keeping quality for morning (M), evening (E) and mixed (X) milks, equivalent to 24 hr. 
at 22°C. from 9 a.m. on the day of sampling as suggested provisionally in Part II(). 
Following experience of the application of this standard in three areas during June to 
September 1947, it was decided to introduce a second standard equivalent to 21 hr. at 
92° C. The second standard was applied from 1 November 1947. 

All samples were stored at shade atmospheric temperature until 3.30—4 p.m. on the day 
of sampling. At 4 p.m. they were transferred to a water-bath for incubation at a constant 
temperature until the c.0.B. test was applied at some time during the day after sampling. 
For the c.0.B. (24 hr.) test the water-bath was maintained at 22+1° C., and the times of 
testing—according to the mean shade atmospheric temperature between 9 a.m. and 4 p.m. 
on the day of sampling—are given in Table 1. For the c.0.B. (21 hr.) test some laboratories 
used a 22° C. water-bath and tested the samples at the times given in Table 1. To avoid 
early morning observations, necessary with incubation at 22°C. when the mean shade 
temperature exceeds 64:5° F., other laboratories incubated a portion of each sample at 
18+1° C. The times of testing with incubation at 18° C. to give a standard equivalent to 
21 hr. at 22° C. are given in Table 1A. Samples giving a negative c.0.B. result at the times 
specified were deemed to have passed the test. 


RESULTS 
Originally 402 farms were selected for sampling at the eight centres. During the trials 
some farms changed ownership; some changed from retail to wholesale; some undesignated 
producers became designated; some small producers ceased sending supplies during the 


Plan of experiment 


Evening (E) milk 
Approx. time of production 3-4 p.m. 
Approx. time of sampling 8-10 a.m. day after production 


Test M.B. (43/54 hr.) M.B. ($ hr.) Routine resazurin C.0.B. 
Pre-test storage § Shade temp. Shade temp. Shade temp. Shade temp. until 4 p.m. day 
of sampling 
Test begun 10-12 noon day of 9-10 a.m. day 4 p.m. day of Incubated at constant temp. 
sampling after sampling sampling until testing time next day 
(Tables 1, 1A) 
Normal age of 18-20 42 24 18 
milk when test 
begun (hr.) 
Morning (M) milk 
Approx. time of production 6-7 a.m. 
Approx. time of sampling 8-10 a.m. day of production 


Test M.B. (44/54 hr.) M.B. (4 hr.) Routine resazurin 0.0.B. 
Pre-test storage Shade temp. until Shade temp. Shade temp. Shade temp. until 4 p.m. day 
6 p.m. Refrigerated of sampling 


Test begun 10 a.m. day after 9-l0a.m.day 9-10 a.m. day Incubated at constant temp. 
sampling after sampling aftersampling until testing time next day 
(Tables 1, 1 A) 


Normal age of 12 28 28 3 


milk when test 

begun (hr.) 

winter; some supplies during winter were diverted to other creameries where the milk 
could not conveniently be sampled. For the analysis it was decided to omit the results from 
those farms which were irregularly sampled; only farms with evening (E), morning (M) 
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Table 1. Testing times, for samples stored between 9 a.m. and 4 p.m. at shade atmospheric 
temperature and subsequently incubated at 22° C., to adjust the results to keeping quality 
standards of 24 and 21 hr. at 22° C. respectively 


Samples incubated at 22° C. from 4 p.m. on 


Mean shade atmos. temp. between 9 a.m. 
and 4 p.m. on the day of sampling in the 
range 
XN 





the day of sampling and c.0.B. test applied 
at the following times on the next day for a 
keeping quality standard of 





“iG. 

Under 6-4 

6-4-10°3 
10-4-13°3 
13-4-15°8 
15-9-18-0 
18-1-20-0 
20-1-21-9 
22-0-23-6 
23-7-25-2 


et 
Under 43:6 
43-6-50-6 
50-7-56-0 
56-1-60-5 
60-6-64-5 
64-6-68-2 
68-3-71-5 
71-6-74-6 
74:7-77-5 


‘24 hr. at 22° C.* 
3.30 p.m. 
2.30 p.m. 
1.30 p.m. 

12.30 p.m. 


11.30 a.m. 
10.30 a.m. 
9.30 a.m. 
8.30 a.m. 
7.30 a.m. 


= 
21 hr. at 22° C. 


12.30 p.m. 
11.30 a.m. 
10.30 a.m. 
9.30 a.m. 
8.30 a.m. 
7.30 a.m. 
6.30 a.m. 
5.30 a.m. 
4.30 a.m. 


* For the standard of 24 hr. at 22° C., 2.30 p.m. is the actual testing time for milks which, theoretically, 
should be tested later than 2 p.m. and up to and including 3 p.m. Thus: 


Mean shade 
atmos. temp. 
9 a.m. to 4 p.m. 
gc OF 


Testing time 
A. 





ms | 
Theoretical Actual 


6-4 3.00 p.m. 
8-6 2.30 pm 2.30 p.m. 
10-3 2.01 p.m. 


Table 1A. Testing times, for samples stored between 9 a.m. and 4 p.m. at shade atmospheric 
temperature and subsequently incubated at 18 or 22° C., to adjust the results to a keeping 
quality standard of 21 hr. at 22° C. 


Incubation at 18° C. Incubation at 22° C. 


A 7% 





r 


Mean shade atmos. temp. 
between 9 a.m. and 4 p.m. 
on the day of sampling 
in the range 
A. 





yas 
°C: 

Under 7:5 
7-5-10-1 
10-2-12-3 
12-4-14-2 
14-3-16-0 
16-1-17°5 
17-6-19-0 
19-1-20-4 
20-5-21-7 
21-8-22-9 
23-0-24-1 


24-2-25-3 


oe 


ae 
Under 45-6 
45-6-50-2 
50-3-54-2 
54°3-57-7 
57-8-60-8 
60-9-63-7 
63-8-66°3 
66-4-68-8 
68-9-71-1 
71-2-73-4 
73:5-75°5 


75-6-77-5 


= 
Incubation for 
standard equivalent 
to 21 hr. at 22°C. 
from 4 p.m. on day 
of sampling to 
following time on 


next day 

8.30 p.m. 
7.30 p.m. 
6.30 p.m. 


9.30 a.m. 


P. 
Incubation for 
standard equivalent 
to 21 hr. at 22°C. 
from 4 p.m. on day 
of sampling to 
following time on 


next day 


12.30 p.m. 
11.30 a.m. 
10.30 a.m. 
9.30 a.m. 
8.30 a.m. 
7.30 a.m. 
6.30 a.m. 
5.30 a.m, 
4.30 a.m. 


—_ 


Mean shade atmos. temp. 
between 9 a.m. and 4 p.m. 
on the day of sampling 
in the range 





al OF 


Under 6-4 

6-4-10-3 
10-4-13-3 
13-4-15:8 
15-9-18-0 
18-1-20-0 
20-1-21-9 
22-0-23-6 
23-7-25-2 


an, 


Under 43:6 
43-6-50°6 
50-7-56-0 
56-1-60°5 
60-6-64:5 
64-6-68:2 
68-3-71:5 
71-6-74-6 
74-7-717:5 
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and mixed (X) milk sampled on seven or more occasions during both winter (November 
to April) and summer (May to October) were included. Farms were not excluded if some 
of the E and X samples were not examined by the methylene-blue (43/53 hr.) test. The 
number of farms (298) satisfying this condition and included in the analysis is given 
separately for each centre in Table 2. 

The results for the 298 farms have been analysed on the basis of the incidence of farms 
complying with the standards imposed by the different tests, the effect of atmospheric 
temperature on the incidence of unsatisfactory samples and the relative standards imposed 
by the different tests. Information is also given on variations in the results obtained at 
different centres, the individuality of farms and the relationship between the c.0.B. test 
results and those of the methylene-blue (44/54 hr.) test. 


Table 2. The number of farms from each centre used in the analysis 


Number of farms 


Retail Wholesale 
A A 











f i 
Designated Designated 
cc ile it. 
Acc. Undesignated ak: Acc. Undesignated _— Total 
7 12 30 
10 24 52 
15 7 27 
7 12 32 
8 15 45 
2 7 25 
10 6 36 
13 20 51 


72 103 298 
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T.T., tuberculin tested milk; Acc., accredited milk. 


The incidence of farms complying with the standards imposed by the different tests 

In the routine control or grading of milk, results must be judged on the basis of the 
success achieved by individual producers rather than on the proportion of satisfactory 
samples from a group of farms. It has been suggested by Wilson (4) that producers should 
be judged satisfactory if the incidence of samples failing to comply with a given standard 
is not in excess of 25°, of the number examined during a given period. 

Table 3 gives the proportion of farms with less than 25 % of samples failing the different 
tests in winter and summer; a more detailed classification of farms according to the incidence 
of failures is given in Appendix Table 1. It may be seen in Table 3 that the degree of 
success attained by individual producers varies widely according to the test used, the 
season and whether samples of M, E or X milk are examined. 

The incidence of producers, classed as satisfactory according to the results of the routine 
resazurin test, is higher and more consistent both between seasons and milks than with 
any other test. Relatively few producers failed to satisfy this standard at any time. The 
greatest difference between winter and summer, and M and E results occurred with the 
methylene-blue (4 hr.) test. With this test nearly all producers obtained satisfactory 
results for the M samples throughout the year and for the E samples in winter, but only 
about 42 % of the designated and 22% of the undesignated producers attained satisfactory 
results with E milk in summer. Seasonal and sample variations are not as marked with 
(.0.B. (24 hr.) and c.o.B. (21 hr.) as with the methylene-blue (} hr.) test. The results of the 
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methylene-blue (44/53 hr.) test are fairly consistent throughout the year with M and 
E samples. In general, the decrease in satisfactory producers between M and E samples, 
and between winter and summer approximates to 10-20%. 

It is of interest to compare the summer and winter records of individual producers, 
Table 4 gives the incidence of failures in summer of producers classed as satisfactory or 
unsatisfactory in winter. Between 45 and 90% of the designated and between 35 and 
80% of the undesignated producers—depending on the test used—who had less than 25% 
failures in winter also had less than 25°% failures in summer. Moreover, among those 
producers with unsatisfactory winter results, about 20-45 % of the designated and 10-35% 
of the undesignated producers had satisfactory summer records. 

From Tables 3 and 4 it is clear that, for all tests, the incidence of failures with X samples 
approximates to that for E samples. For practical purposes, therefore, constant sampling 
of mixed milk instead of morning and evening milk alternately, which has hitherto been 
the aim in routine milk control, would tend to increase the proportion of producers unable 
to conform to any standard. 


Table 3. The percentage of 151 designated and 147 undesignated farms with less than 25°, 
of the samples failing the different tests in winter and in summer* 


Percentage of farms with less than 25% failures for each test 
A 








c 

c.0.B. (24 hr.) c.0.B. (21 hr.) Resazurin Cat. C M.B. ($ hr.) M.B. (44/54 br) 

— we Sie ~ sauna ae ite ‘NS 
M E X M E xX M E x M E Xx M E X 

Designated producers 
Winter 80-1 570 §=(623 8 ©98:7 82-1 848 1000 96-7 980 1000 940 96:7 821 69:9 TK 
Summer 662 305 338 854 510 603 894 934 960 80-1 42:4 45:7 62:9 55:3 58} 
Undesignated producers 

Winter 69-4 293 36-7 925 66:7 70:7 97:3 925 93:2 986 87-1 87:8 69:4 580 Gf 
Summer 565 150 19:0 823 32-7 395 83-7 823 918 70:7 224 265 585 345 $F 


M, morning milk; E, evening milk; X, mixed morning and evening milk. 
* For the methylene-blue (44/54 hr.) test, the number of producers is: 


Designated samples M 151, Eand X 103 
Undesignated samples M 147, EandX 119 


Individuality of farms 

It is noticeable that, in general, farms had a higher proportion of failures with the c.0.8. 
(24 hr.) test, and a lower proportion of failures with the c.o.B. (21 hr.) test than with the 
methylene-blue (43/53 hr.) test. Further, that with all tests, the majority of farms had 
a higher incidence of failures in summer than in winter; the average increase in failures 
was about 20-30%. There were, however, some farms which had 100% satisfactory 
records for both c.o.B. (24 hr.) and methylene-blue (44/54 hr.) tests in winter, but as many 
as 80% of unsatisfactory samples in summer; and, in contrast, other farms with as many 
as 75% unsatisfactory results by these same tests in winter, had at least 75% satisfactory 
samples in summer. 

Though to the majority of producers it made little difference to their chance of success 
which of these tests was used, to a few it made a difference whether a C.0.B. test or a dye 
test was employed. Usually the c.o.B. (24 hr.) test was more difficult to pass than the 
methylene-blue (44/54 hr.) test, but some farms with less than 25% of samples failing the 
former had as many as 75-80% failures with the latter. As an example of the two extreme 
conditions one designated producer, with complete results for twelve samples during the 
winter period, had approximately 5% failures with c.o.B. (24 hr.) and 95% failures with 
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d methylene-blue (43/54 hr.); an undesignated producer in a different area, with complete 
8, results for ten samples during the same winter period, had approximately 65% failures 
with c.0.B. (24 hr.) and 0% failures with methylene-blue (44/54 hr.) tests. 
8. . . . . . 
. Table 4. The incidence of failures in summer for producers with less than 25%, 
d and 25% or more failures in winter 
Ms Percentage of farms in each group of failures for each test 
se Percentage of c.0.B. (24 hr.) c.0.B. (21 hr.) Resazurin Cat. C M.B. (4 hr.) M.B. (43/54 hr.) 
y/ uples failing each — % awa an awa fs c im shal fa 
Yo Ws in summer E x M E x M E x M E x M r Xx 
Designated farms with less than 25% failures in winter 
45 620 33:7 340 785 452 508 808 842 905 682 359 336 581 47:2 48-1 
eS 5-25 99 128 8-5 67 12-1 141 8-6 8-9 54 119 92 13-7 97 22:2 22-1 
* $55 23-1 40-7 44-7 14:8 38-7 32-0 9-9 6-2 4-1 185 43:0 438 23:4 264 26-0 
ig 5) and over 5-0 12-8 12-8 0-0 4-0 3-1 0-7 0-7 0-0 1:3 12-0 8-9 8-9 4-2 3-9 
nh talno, of farms 121 86 94 149 124 128 151 146 148 151 142 146 124 72 TT 
le Designated farms with 25% or more failures in winter 
0-15 36:7 4-6 88 1000 148 26-1 00 60:0 1000 0-0 0-0 00 22:2 22-6 19-2 
15-25 6-7 46 105 0-0 7-4 8-7 00 400 0-0 0-0 0-0 00 8 185 0-0 3-8 
5-55 43-3 32:3 33-3 00 40:7 348 0-0 0-0 0-0 00 444 800 40-7 355 423 
)/ 5 and over 133 58:5 = 47-4 00 37:0 30-4 0-0 0-0 0-0 00 556 200 185 419 346 
0 Hulme. of farms = 30 65 ’* & @ 0 5 3 0 9 ; FF @ © 
Undesignated farms with less than 25 % failures in winter 
0-15 64-7 256 259 77:2 347 33-7 155 T5 847 607 172 194 608 420 49-4 
15-25 6-9 47 130 8-8 92 125 8-4 7-4 95 103 8-6 93 13-7 7-2 78 
Xf br.) 95-55 206 488 407 118 388 433 147 13-2 5:1 262 500 496 186 348 35-1 
#555 and over 78 209 20-4 22 173 106 1-4 2-9 0-7 2:8 242 21-7 69 159 78 
X Bhulno. of farms 102 43 54 136 98 104 143 136 137 145 128 129 102 69 17 
5 Undesignated farms with 25% or more failures in winter 
: a 0-15 20-0 6-7 65 273 82 163 500 455 400 500 0-0 56 20-0 60 143 
OB 95 2-2 1-9 1-1 9-1 2-0 70 25:0 182 20-0 0-0 0-0 5-6 2-2 8-0 4:8 
25-55 42:2 22-1 258 364 306 233 250 273 400 500 368 333 533 460 35-7 
) 479g) and over 35:6 69:2 66-7 273 59:2 53:5 0-0 9-1 0-0 00 63:2 556 244 400 45-2 
) 437M tal no. of farms 45 104 93 11 49 43 4 ll 10 2 19 18 45 50 42 
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Again, unlike the majority, some farms had markedly better results in summer than 


M, morning milk; E, evening milk; X, mixed morning and evening milk. 


in winter. This is illustrated by the following examples: 


No. of samples failing 


Farm no. 


] 


bo 


This improvement in results during the summer is unusual. It may represent a voluntary 
adjustment of production methods by the producer to overcome practical difficulties in 
supplying marketable milk in summer or improvement following advisory work. However, 
no information is available as to whether these farms did in fact receive advice during the 
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course of the trials. 


1947-Apr. 
1948-July 
1948-Nov. 
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1948-Sept. 
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1948 
1948 
1948 
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1948 
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The effect of temperature 

Seasonal differences in the initial infection of milk from utensil surfaces, the different 
ages at which E and M milks are tested, the different pre-test storage treatments and the 
different temperature compensation methods preclude any direct comparison between the 
different tests of the effect of temperature on the incidence of failures. In winter when 
temperatures are normally low the effect of the above factors will be minimal, but the 
influence of each will become more pronounced with the higher summer temperatures, 

The results for the samples from the 298 farms have been analysed according to the 
incidence of failures at different mean shade atmospheric temperatures between 9 a.m. 
and 4 p.m. on the day of sampling. In Table 5 the results for all producers during the full 


Table 5. The effect of temperature on the incidence of failures with morning 
and evening samples from the 298 farms 


Mean shade Percentage failures 
temperature r he 
9 a.m. to c A \ c 
4p.m.dayof No. of C.0.B. C.0.B. Resazurin M.B. M.B. 
sampling (° F.) samples (24 hr.) (21 hr.) Cat. C (4 hr.) (44/53 hr.) samples 


Morning milk 
32 40-6 15-6 68-8 
76 34-2 18-4 
349 27:8 17-2 
64-0-59-6 962 23-0 11-6 
59-5-55:1 1275 16-9 ° 
55-0-50-1 1097 17-7 
50-0-44-1 1338 16-3 
44-0-37-5 888 14-2 
Under 37: 360 9-4 
Total 6377 18-0 
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Evening milk 
75-5-72-1 32 84-4 68-8 : 84-4 
72-0-68-1 76 59-2 46:1 25- 78-9 
68-0-64-1 349 57-6 43-0 y 65-6 
64-0-59-6 962 52-6 38-6 : 47-6 
59-5-55-1 1275 46:1 26-4 25:1 
55-0-50-1 1097 40-8 20:8 12-0 
50:0-44-1 1338 34-4 16-4 4-4 
44-0-37-5 888 27°5 11-8 2-5 
Under 37-5 360 20-8 6-7 3-1 
Total 6377 40-7 23-4 20-7 
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year are given for M and E samples; the detailed results for designated and undesignated 
producers and for winter and summer are given in Appendix Table 2. No undue significance 
should be attached to the figures for temperatures above 72° F., as the number of samples 
in this range is too few to warrant any firm conclusions. 

From Table 5 it may be seen that with all the tests temperature has a marked effect on 
the incidence of failures. For M samples failures range from 9 to 34% with the c.0.B. 
(24 hr.) and from 2 to 18% with the c.o.B. (21 hr.) test; for the E samples the corre- 
sponding range is 21-59% for the c.o.B. (24 hr.) and 7-46% for the c.o.B. (21 hr.) test. 
With the routine resazurin test the incidence of failures is less than 10% at temperatures 
below 64° F., but above this temperature there is a rapid rise in the percentage failures. 
The methylene-blue (3 hr.) test gives the most marked increase in the percentage failures 
with increasing temperature; with this test there are few failures either with M or with 
E samples at temperatures below 50° F., whereas the failures exceed 50% with M milks 
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when the temperature exceeds 68° F., and with E milks when it exceeds 64° F. In common 
with the other tests the methylene-blue (44/54 hr.) test shows a pronounced increase in 
the incidence of failures with increasing temperature. 


Difference between centres 

The results for the 298 farms are given separately for each of the centres in Table 6, 
and it can be seen from this table that differences between centres do exist and are more 
pronounced in winter than in summer. It is not possible to say whether the bacteriological 
quality of the milks differs significantly in the different areas, or whether the tests vary 
in their response to milk produced in the different areas. However, it may be observed 
that in some areas there were markedly fewer failures in winter, but this difference between 
areas was not maintained in summer. 

In the table it is noticeable that the centre with the highest, or lowest, proportion of 
samples failing by one test was not necessarily similarly placed with respect to the other 
tests. Thus, considering the results for M samples from the designated producers in summer, 
centre R has the lowest incidence of failing samples with the c.o.B. (24 hr.), the c.o.B. 
(21 hr.) and the methylene-blue (4 hr.) test, centre S with the routine resazurin test, and 
centre T with the methylene-blue (44/54 hr.) test. 


A comparison of the standards imposed by the different tests 
It has already been established (5) that it is not possible to predict accurately the actual 
keeping quality of a sample from the result of a dye test, or vice versa. However, it is 
of some interest to compare the relative strictness of the standards imposed by the tests 
used in these trials. This may be done on the basis of the proportion of samples passing or 
failing the different tests. 


From the results given in Table 6 and 7 it may be seen that the routine resazurin test 
consistently gives the lowest incidence of failures, and the c.o.B. (24 hr.) test usually the 
highest, but the positions with the other three tests fluctuate depending on whether 
Mor E samples are examined, or whether the tests are carried out in summer or in winter. 
The tests may be arranged in their order of decreasing leniency as follows: 


M milk Winter: Res. Cat. C=m.B. ($ hr.)—>c.0.B. (21 hr.)—>m.B. (44/54 hr.)—>c.0.B. (24 hr.) 
E milk Winter: Res. Cat. C>.B. (} hr.)>M.B. (44/54 hr.) =c.0.B. (21 hr.)->c.0.B. (24 hr.) 


M milk Summer: Res. Cat. C-+c.o.B. (21 hr.)>m.B. ($ hr.)—>c.0.8B. (24 hr.) =M.B. (44/54 hr.) 
E milk Summer: Res. Cat. C-c.o.B. (21 hr.) =m.B. (44/54 hr.)>M.B. (4 hr.)—>c.0.B. (24 hr.) 


The routine resazurin test gives approximately the same incidence of failures with 
M as with E samples. With the c.o.B. tests and the methylene-blue ($ hr.) test failures 
with E samples are 2-3 times higher than with M samples, and with the methylene-blue 
(43/53 hr.) test about 14 times higher. 

It may also be seen that the incidence of failures with the methylene-blue (43/53 hr.) 
test approximates to that with the c.o.B. (24 hr.) test for M samples, but with the c.o.B. 
(21 hr.) test for E samples. 

The results given in Tables 3 and 4 show that some farms were consistently able to 
produce milk which satisfied all the tests, and it is of some interest to see what proportion 
of the total samples failing each test can be attributed to the best and to the worst farms. 
To this end a cursory examination was made of the records of each individual producer 
and the results for the 60 (20%) best (group Y) and 60 (20%) worst (group Z) farms were 
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analysed separately. The percentage of the total failures from the 298 farms contributed 
by group Y and Z farms is given in Table 8. The 60 group Y farms account for no more 
than 5% of the total failures by any of the tests, whereas the 60 group Z farms account 
for between 37 and 60% of the failures. 


Comparison of the methylene-blue (44/53 hr.) test with the 0.0.B. (24 hr.) 
and C.0.B. (21 hr.) tests 

It is also of some interest to relate the two C.0.B. test standards to that of the methylene- 
blue (44/54 hr.) test which, at present, is used officially in the grading of milk in England 
and Wales(3). Table 9 gives the percentage frequency with which samples passing or 
failing the methylene-blue (44/54 hr.) test pass or fail the c.0.B. tests. 

The results for the M samples of designated milk may serve as an example of the inter- 
pretation of this table. Of the 1698 samples examined 88-3% passed the c.0.B. (24 hr.) 
test, 96-7°% the c.o.B. (21 hr.) test and 90-2% the methylene-blue (44/54 hr.) test. Of 
the total samples 83-9°% passed the c.o.B. (24 hr.) and the dye test, 6-3°% failed the c.0.B. 
(24 hr.) but passed the dye test, and 4-5% passed the c.o.B. (24 hr.) test but failed the 
dye test. Similarly, 88-9°% passed the c.o.B. (21 hr.) and the dye test, 1:2% failed the 
¢.0.B. (21 hr.) but passed the dye test, and 7-8% passed the c.0.B. (21 hr.) test but failed 
the dye test. 

More samples satisfied each test in winter than in summer. A high proportion of samples 
which passed c.0.B. (24 hr.) or c.0.B. (21 hr.) also passed the dye test and conversely, 
except for E samples, when as much as a third of those passing the dye test failed 
¢.0.B. (24 hr.) test. 

For M milks throughout the year approximately the same proportion of samples, though 
not always the identical samples, passed both the c.o.B. (24 hr.) and the methylene-blue 
(44/53 hr.) test, while approximately 10° more passed the c.0.B. (21 hr.) test. With regard 
to E milks, the incidence of samples passing the c.0.B. (21 hr.) and the methylene-blue 
(44/54 hr.) test are nearly equal, but some 10-15% fewer samples pass the c.0.B. (24 hr.) 
than either of the other tests. 

It appears, therefore, from the proportion of samples failing the three tests that for 
M milks the standards set by the c.0.B. (24 hr.) and the methylene-blue (443/54 hr.) test 
are almost the same, though the standard required for the dye test tends to be the more 
lenient in winter and the more stringent in summer: and, further, that the standard by 
the c.0.B. (21 hr.) test in summer offers as great, if not slightly greater, chance of success 
than that by the dye test in winter. For E milks, the standard set by the c.o.B. (24 hr.) 
test is consistently higher than that by the dye test, which in turn is slightly more difficult 
than that of the c.o.B. (21 hr.) test. Furthermore, with the c.o.B. (21 hr.) test the propor- 
tion of satisfactory samples is almost as high for E milks in winter as for M milks in 
summer, and the incidence of satisfactory E samples by the dye test in winter is nearly 
equalled by that of M samples by the c.o.B. (24 hr.) test in summer. 


DISCUSSION 
Basie principles of milk control 
The interpretation of the results of any test designed to measure either production 
methods or the subsequent behaviour of milk on the commercial market depends largely 
on the age of the milk at examination and on its pre-test treatment. Producers must 
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accept full responsibility for milk until it leaves their possession, at which time its quality 
should be adequate to satisfy the requirements of reasonable commercial handling. A test 
should therefore reflect the care taken not only to exclude contamination during production 
and to prevent subsequent proliferation of micro-organisms during storage on the farm, 
but also the potential behaviour of the milk after delivery to the consumer or to a creamery, 
Production and handling methods and the behaviour of milk subsequently are, in fact, 
inseparable, and a method which directly measures the one must indirectly measure the 
other. 

Ideally, milk should be sampled at the time it leaves the farm. If the test is not begun 
forthwith, all samples should receive either identical treatment during the pre-test storage 
period or some adjustment should be made to counteract the effect on test results of 
variations in treatment during the pre-test storage period. If these factors are taken into 
account it should be possible to interpret the results of any test directly in terms of the 
care taken in production and handling by the producer, and of the potential behaviour 
of the milk subsequently on the commercial market. 

Because of the important bearing of these factors on the interpretation of test results 
it is appropriate to consider each of the tests used in the trials in this light. 

The c.0.B. tests. The C.0.B. tests as used in the trials follow the above principles. A basic 
standard of residual keeping quality is imposed for all milk at the time it leaves the farm, 
and this standard remains uniform throughout the year. 

It is customary in Britain for milk to leave the farm once a day only; the evening milk 
is usually 16-18 hr. old, whereas the morning milk is only 2-4 hr. old. Obviously com- 
pliance with a standard which measures the quality of milk at the time it leaves the farm, 
without reference to its age, may be more difficult with evening than with morning milk. 
Indeed, in a practical grading scheme embodying this principle, a higher incidence of 
unsatisfactory samples may be found with evening than with morning milk. In any event 
such a finding reflects the behaviour of milk on the commercial market for buyers normally 
experience more trouble in handling evening than morning milk. 

The suggested imposition of a uniform standard throughout the year may require some 
justification as it is at variance with the present policy in Britain; designated milk is 
required to have a methylene-blue reduction time in excess of 4} hr. in summer and 5} hr. 
in winter. Because of the lower prevailing temperatures a particular standard may more 
readily be attained in winter than in summer. But, if milk with a reduction time of 44 hr. 
is satisfactory to the buyer in summer it is difficult to justify a standard of 5} hr. in 
winter when weather conditions tend to be more favourable for handling milk commercially. 

Setting a higher standard for milk in winter than in summer may be useful for advisory 
purposes. In winter it may indicate those farms most likely to experience difficulty in 
complying with the standard in summer. It may be reiterated that this is not the purpose 
of temperature compensation in the scheme that has been outlined; on the contrary, 
temperature compensation is a device to permit a uniform standard to be applied through- 
out the year without sampling all milk at the farm and beginning the incubation of the 
samples immediately after they are taken. If it were desirable to have a more stringent 
standard in winter than in summer, as with the methylene-blue (44/54 hr.) test, a keeping 
quality at 22°C. equivalent to, say, 24 hr. in winter and 21 hr. in summer could be imposed. 

The proposed method of grading milk on the basis of its residual keeping quality at the 
time it leaves the farm does not differ in principle from the methods in use officially for 
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the control of milk, raw or pasteurized, sampled at the time of delivery to the consumer. 
However, it differs materially from the methods adopted for milk sampled at the farm. 
The reasons for the different treatments at present accorded milk which is sold by retail 
and that which is sold wholesale are obscure. 

The methylene-blue (44/54 hr.) test. This test has been in use officially for the control of 
designated raw milk in England and Wales since 1936. In this test samples taken at the 
farm at the time of production, and those taken during distribution to the consumer are 
treated differently. For samples taken during distribution, unless the methylene-blue 
test is begun within 2 hr. of sampling provision is made for refrigeration during the 
pre-test storage period. When samples are taken at the farm, E milk is tested at 10 a.m. 
the following morning, but M milk is stored at atmospheric temperature until 6 p.m., and 
if the test cannot then be begun the samples may be stored in a refrigerator at 32-40° F. 
until 10 a.m. the next morning. 

Evening milk, therefore, whether sampled at the farm or during distribution, is tested 
at approximately 16-18 hr. old. Morning milk, on the other hand, is tested within 3 or 4 hr. 
of production when sampled during distribution, but not until 10-12 hr. after production 
when sampled at the farm. 

The test applied to samples taken during distribution obviously reflects the care taken 
by the producer in the production and storage of the milk, as well as the potential behaviour 
of the milk in the hands of the consumer; the age of the milk, reckoned from the time 
of production, is not taken into account. The same may be said also of evening milk sampled 
at the farm, but for morning milk an extra and apparently ‘artificial’ storage period is 
introduced. 

Presumably the 10-12 hr. pre-test storage for morning milk sampled at the farm was 
adopted either because of the inherent inability of the methylene-blue test applied to 
fresh milk to distinguish between milks of different bacteriological quality, or to secure 
approximately the same proportion of failures with morning as with evening milk. If, in 
fact, such storage before testing is necessary doubt is at once thrown on the wisdom of 
the present method of testing samples of morning milk taken during distribution within 
3or 4 hr. of milking. If storage for a period of 10-12 hr. before applying the methylene- 
blue test is necessary to secure adequate differentiation between milks of different initial 
quality, then, in order to establish a common standard of quality for evening and morning 
milk at the time it leaves the farm, evening milk should not reduce the dye within, say, 
44 hr. and morning milk within, say, 24 hr.* On the other hand if, for administrative 
purposes, it is considered expedient to require morning milk at the time it leaves the farm 
to be of a better quality than evening milk in order to obtain approximately the same 
incidence of failures for both, it should be recognized that producers are required to 
supply morning milk which is of a higher quality than evening milk at the time it leaves 
the farm; and, if the standard set for evening milk is in every respect adequate to ensure 
satisfaction to the consumer and creamery, then the producer is being called upon to 
supply morning milk which is of a higher quality than that which is demanded commer- 
cially, 

The routine resazurin test. In this test E milk is stored at shade atmospheric temperature 
till 4 p.m. on the day after production, and M milk till 9 a.m. on the day after production. 


* No information is available about the actual reduction times that should be adopted and no practical 
significance should be attached to those quoted in this example. 
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Thus the test is begun when both E and M milk are approximately the same age— 
24-28 hr. old. Obviously the result can have no possible bearing on the relative quality 
of evening and morning milk at the time they leave the farm for commercial utilization, 
With this test it is possible for evening milk tested at 4 p.m. on the day of delivery to the 
consumer to satisfy the test and yet be sour before it is finally used the next morning, 
whereas morning milk which fails the test may be satisfactory to the consumer. This may 
be an extreme example, but it demonstrates the fallacy of approaching the problem of 
routine milk control by relating the test to the time of production rather than to the time 
it leaves the farm for delivery to the consumer or to a creamery. 

The methylene-blue (4 hr.) test. It is of interest to consider the basic principles involved 
in the application of the methylene-blue (4 hr.) test (6); these principles apply to both raw 
and pasteurized milk. Samples, taken at any time before or during distribution to the 
consumer, are stored at shade atmospheric temperature until between 9 and 10 a.m. on 
the day following distribution, and are then examined by a methylene-blue ( hr.) test. 
At the time the test is applied the consignment of milk from which the sample was taken 
will normally have been used by the consumer. Its principal object therefore is to ensure 
that milk shall remain satisfactory under normal conditions of household storage until it 
is used. The test for raw milk is applied without reference to the time at which the milk 
was produced, and the producer is expected to accept full responsibility for milk at the 
time it leaves his possession being of a quality which will satisfy a test done approxi- 
mately 24 hr. later. 

The methylene-blue (4 hr.) test, applied to milk after storage at shade temperature for 
24 hr., permits a variation in quality at the time of delivery. It is obvious that milk 
which satisfies the test after storage for 24 hr. at a mean shade temperature of 40° F. in 
winter may at the time of delivery be of a quality inferior to milk which fails the test after 
storage at a temperature of 65° F. in summer. While results of this test, as they apply to 
individual samples, unquestionably indicate whether the particular consignment was 
likely to satisfy the consumer, a satisfactory result on a day when the weather is cool 
need not indicate that milk from the same producer on another day when the weather is 
warm would be equally satisfactory. As it is not possible to sample milk from every 
producer on every day, the purpose of routine control is to give an indication of the normal 
standard of quality from occasional samples only. Storage of samples at some constant 
temperature is desirable in order to obtain, from occasional samples, information about 
the general behaviour of the milk supply in the hands of the consumer. For example, 
a storage temperature of 18° C. was suggested by Provan & Rowlands(7,8) for pasteurized 
milk. Further, it may well be desirable to apply temperature compensation for the period 
between sampling and testing. This would ensure a constant standard of quality through- 
out the year and prevent an unsatisfactory producer from passing the test merely because 
the sample was taken on a cold day, while his neighbour with considerably better milk 
fails the test because the sample was taken on a much warmer day. Processing and manu- 
facturing dairies require raw milk of a constant quality throughout the year. To this end 
the test must be applied immediately the milk is received, or, if this is not possible, after 
storage at controlled temperatures for a definite period. Thus, if it is required that in 
summer a milk sample stored at, say, 18-20° C. shall not reduce methylene-blue within } hr. 
at 9 a.m. on the morning after sampling, then to ensure the same quality for milk in winter, 
storage must again be at 18-20° C. during the interval before testing. 
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The effect of temperature on test results 

With all the tests used in the trials a rise in shade atmospheric temperature was accom- 
panied by an increase in the proportion of failing samples (Table 5 and Appendix 
Table 2). Where temperature compensation is used, as, for example, in the routine resazurin 
test, there has been a tendency to regard the temperature compensation scale itself as 
suspect because a constant proportion of failing samples is not maintained throughout the 
year (9). With both the c.o.B. and routine resazurin tests in which temperature compensa- 
tion is applied, there is a marked increase in the incidence of failures with increasing 
temperatures. Even where a well-founded scale of temperature compensation is used and 
the variations in temperature for almost the entire interval between production and 
incubation are catered for, as with morning samples examined by the c.0.B. test, the varia- 
tion in the incidence of failures with temperature is not eliminated. 

Three factors may contribute to this temperature effect. First, the initial contamination 
of the milk produced on a particular farm may be appreciably higher in warm than in 
cool weather because of proliferation of bacteria surviving on improperly washed or 
sterilized milk equipment. Secondly, milk cooling and storage facilities may not in warm 
weather be adequate to prevent undue multiplication of bacteria in the milk during its 
storage on the farm. Thirdly, variations in the storage of samples before a test is begun 
may affect the result. 

The effect of the third of these factors is outside the control of the producer, and should 
beoffset by some adjustment of test results as, for example, in the temperature-compensated 
(.0.B. test. However, the effect of the first two factors may lead to a real difference in the 
actual quality of milk at the time it leaves the farm. This should be kept clearly in mind 
when considering the desirability of an adjustment of test standards to equalize the 
incidence of failing samples at different seasons of the year. Table 4 shows that, without 
any such adjustment, an appreciable proportion of producers can comply consistently 
with any standard that is imposed. If such an adjustment is made, test results may bear 
little relationship either to the methods of production or to the behaviour of the milk on 
the commercial market. 

For advisory purposes it may be wise to adjust the standards in winter in order to 
indicate producers who find it difficult to supply milk of satisfactory quality in summer. 
Such an adjustment is applied with the official methylene-blue (43/53 hr.) test. Our 
results indicate (Tables 3, 4 and 5) that a c.o.B. standard of 21 hr. at 22° C. in summer 
and 24 hr. at 22° C. in winter would serve the same purpose. 

However, adjustments in standards between winter and summer cannot be expected 
to eliminate the variations in the incidence of failures with temperature. Nor, as has already 
been explained, do we think it desirable to impose artificial standards to this end. 


Proportion of farms complying with the different tests 

The results (Tables 3 and 4) show that the proportion of farms with less than 25% of 
failing samples varies widely with the different tests. 

It may be seen in Table 3 that the majority of producers, averaging over 90%, found it 
much easier to comply with the routine resazurin test at all times than with any other 
test used in the trials, except the methylene-blue (} hr.) test in winter. The results indicate 
that, in comparison with the other tests, the category C standard of the routine resazurin 


test is unduly low. However, this standard was adopted to enable the limited advisory 
12.2 
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resources to be concentrated on about 10% of the worst producers. This test is admirable 
if it is required that the proportion of M and E failures should be nearly equal and 
relatively low, and the variation between seasons minimal; obviously seasonal variations 
cannot be abolished unless the standard in summer is lowered even further. 

The greatest difference between the proportion of producers with less than 25° of 
failures in summer and in winter occurs with the methylene-blue (} hr.) test. Morning 
samples are about 28 hr. old and evening samples about 42 hr. old when testing begins, 
and no adjustment either in testing time or incubation conditions is made to offset the 
effect of the prevailing temperatures during the pre-test storage period. Accordingly, 
equal success with morning and evening milk is unlikely, and large differences between 
summer and winter results are to be expected. The effect of temperature is even more 
marked (Table 5); the proportion of failures increases from about 1% to over 60°% for 
M samples and 3-80% for E samples with increasing temperatures. These results reflect 
the comparative leniency of the test when the milk is kept cool as occurs naturally in 
winter, and its severity in summer when storage conditions are less favourable. They 
illustrate the supreme importance of adequate cooling and storage of evening milk on the 
farm, particularly where producers do not take the necessary care to keep initial con- 
tamination at a minimum. 

In contrast with the methylene-blue (3 hr.) test, the methylene-blue (44/54 hr.) test 
shows only a small difference between the proportion of satisfactory producers in summer 
aud winter (Table 3). Further, it compares most closely with the routine resazurin test 
in that the chances of success with M and E milks are more nearly equal. The testing of 
M samples at 10-12 hr. old and E samples at 18-20 hr. old gives M milks a small but 
definite advantage over E milks, but neither is subject to storage conditions as severe as 
in the methylene-blue ($ hr.) test. Setting a higher standard in winter than in summer 
may lead to a more uniform proportion of failures over the year. However, as may be seen 
from Table 5 the effect of temperature is more marked than with any other test except 
methylene-blue (} hr.). For M samples the incidence of failures increases from 5 to 50% 
and for E samples from 7 to 54% with increasing temperature. Moreover, samples satisfy 
a more stringent standard with greater frequency in winter (53 hr.) than in summer 
(44 hr.), i.e. either milk in winter is of a higher bacteriological standard than in summer 
or the decrease of 1 hr. in reduction time in summer is inadequate to counteract the 
deterioration due to increased temperatures during pre-test storage. 

With the two c.0.B. test standards the difference between summer and winter is greater 
with E than with M milks. This is to be expected, since with M milks variations in shade 
temperature between milking and the beginning of incubation is almost entirely offset by 
the temperature compensation applied, but E samples, taken at the same time, receive 
identical compensation after sampling but no adjustment for the variation in the tempera- 
ture at which the bulk milk has been stored for some 18 hr. overnight by the producer. 
Table 5 shows that the incidence of failures with the c.o.B. (24 hr.) test when the prevailing 
temperatures are less than 60° F. approximates to those with the c.o.B. (21 hr.) test for 
temperatures in excess of 60° F. for both M and E samples. This emphasizes the point 
made earlier that milk as it leaves the farm is of a better quality in cool weather than in 
hot weather. 

These figures suggest that when the mean shade temperature exceeds 60° F., the actual 
decrease in the efficiency of production and storage by the producer corresponds to a loss 
of about 3 hr. at 22° C. in the residual keeping quality of the milk as it leaves the farm. 
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It might be argued that the increase in the incidence of failures with samples of E milk 
in summer is in no way connected with the methods of production, but is the result of less 
efficient cooling and storage of the milk overnight at the farm. This argument cannot apply 
tosamples of M milk for, despite the imposition of a constant standard of residual keeping 
quality throughout the year, these samples likewise show an increased incidence of failures 
with increasing temperature. Clearly, producers sampled in these trials did not improve 
their production methods sufficiently to nullify the effect of warm weather on milk quality. 


Comparison of the methylene-blue (44/54 hr.) test with the c.0.B. (24 hr.) 
and the C.0.B. (21 hr.) tests 

It is of interest to compare the two c.o.B. test standards with that of the existing 
methylene-blue (44/53 hr.) test. It should, however, be explained that a keeping quality 
of 24 hr. at 22° C. was arrived at quite independently of its relationship to any existing 
standard—milk which will keep for 24 hr. after delivery is the minimum standard necessary 
to satisfy the consumer. To satisfy this requirement in very hot weather it is necessary 
that milk should not reach its c.o.B. end-point within 24 hr. at 22°C. It was originally 
planned to apply this standard to both E and M milks assuming that milk left the farm 
at 9 a.m. It was soon evident that this standard for E samples was unduly severe in 
comparison with that set by the dye test, and a second standard equivalent to 21 hr. 
at 22° C., or approximately 24 hr. at 20° C., was included in the trials. 

It seems that for E samples a standard of 21 hr. at 22°C. in summer corresponds 
approximately to a methylene-blue reduction time of 4} hr. Table 7 shows that the 
proportion of E samples failing these two tests is almost the same, 26-1 and 28-6% for 
designated and 39-1 and 37-3% for undesignated milks; Table 3 shows that the incidence 
of producers with less than 25° of failures in summer is 51 and 55% for designated 
and 33 and 35% for undesignated. If, therefore, a keeping quality test were to replace 
the present official dye test, the c.o.B. (21 hr.) test could be used to maintain the standard 
now imposed by the dye test in summer. For the reasons already given, it is to be expected 
that the incidence of failures for M samples would be lower with the c.o.B. (21 hr.) than 
with the dye test. 

These field trials show a lower incidence of failures in winter with the c.o.B. (21 hr.) 
test than with the methylene-blue (53 hr.) test, but a slightly higher incidence with the 
(.0.B. (24 hr.) test. It seems therefore that a dye reduction time of 5} hr. in winter 
approximates to a C.0.B. standard of about 24 hr. at 22°C. 

If the real object of routine control is to establish a standard of quality at the time milk 
leaves the farm, the application throughout the year of a standard based on that considered 
adequate in summer may lead to a decreased incidence of failures in winter because any 
given standard can more readily be attained in winter than in summer. However, pro- 
ducers taking adequate care with their methods should experience no real difficulty in 
complying with a reasonable standard (Table 8). 

Adjustment of the standard to increase the proportion of failures in winter, as with the 
methylene-blue (44/53 hr.) test, does not entirely eliminate the temperature effect. To 
encourage producers to improve their methods in summer, when milk quality is most 
liable to suffer, would seem to be more desirable than lowering the standards and thereby 
creating an artificial sense of security. Setting a somewhat higher standard in winter may, 
however, serve a useful purpose in warning producers that their methods are unlikely to 
lead to satisfactory results in summer. This appears to be the only justification for a dual 
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standard, for there is little sense in demanding milk of a higher quality in winter when 
least trouble is experienced in its commercial handling. 

Administratively it may be an advantage to have a constant proportion of failing 
samples throughout the year, and also of E and M milks. Until all producers are alive 
to the need to improve their methods to offset the effect of warm weather on milk quality, 
this must inevitably involve either lowering the standard in summer or raising the 
standard in winter. This approach to milk control has been adopted on a day-to-day basis 
with the routine resazurin test, and on a seasonal basis with the methylene-blue test. 
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Table 9. The percentage frequency with which milk samples passing or failing 
C.0.B. (24 hr.) and c.0.B. (21 hr.) pass or fail methylene-blue (44/54 hr.) 


Morning milk Evening milk 
A AN 











c = la E asia 
M.B. C.0.B. (24 hr.) c.0.B. (21 hr.) c.0.B. (24 hr.) —-.0.B. (21 hr.) 
(43/ c ns | t A— \ a stea ‘ee ’ ‘\ 
54 hr.) Pass Fail Pass Fail Total Pass Fail Pass Fail Total 
Designated milk 
Winter Pass 83-9 6-3 88-9 1-2 90-2 69-9 15-1 80-7 4-2 84-9 
Fail 4:5 5-4 7:8 2-1 9-8 5:8 9-3 9-9 5-2 15-1 
Total 88-3 11-7 96-7 3-3 (1698*) = 75-7 24:3 90-6 9-4 (1142*) 
Summer Pass 73-2 6-4 77:9 1-7 79-6 53-6 17-9 64-7 6-8 71-4 
Fail 9-9 10-5 14-3 6-1 20-4 6-0 22-6 10-9 17-7 28-6 
Total 83-1 16-9 92-2 78 (1534*) 59-6 40-4 75 24:4 (1036*) 
Undesignated milk 
Winter Pass 74:3 9-3 81-0 2-6 83-6 54:8 23-1 70-4 7-4 779 
Fail 6-9 9-5 12-1 4-3 16-4 5:3 16-9 10-7 11-4 22-1 
Total 81-2 18-8 93-1 6-9  (1638*) 60-0 40-0 81-2 18-3 (1269*) 
Summer Pass 64:3 10-4 71:8 2-9 74:7 38-5 24-2 50-1 12-6 62-7 
Fail 11-0 14:3 16-9 8-4 25-3 6-0 31-3 11-4 25-9 37-3 
Total 75:3 24-7 88-7 11-3 (1492*) = 445 55-5 61-5 385 (1186*) 


* Total number of samples, equivalent to 100% in all tables 


With neither test has the desired object been achieved, although there has been a tendency 
to narrow the difference in the incidence of failures at different seasons of the year. The 
same principle could be applied with the c.o.B. test, e.g. a 24 hr. standard in winter and 
21 hr. in summer. With this dual standard the difference between the proportion of satis- 
factory designated producers in winter and summer is only 6% for E samples and 5% 
for M samples, and for undesignated producers 3% for E and 13% for M samples 
(Table 3). In fact, these two c.0.B. standards give a more constant proportion of failures 
throughout the year than the other tests used in the trials with the possible exception of 
the routine resazurin test. Thus (Table 5) the incidence of failures with a 24 hr. c.0.B. 
standard for M samples when day shade temperatures are below 60° F. approximates 
to a 21 hr. standard in hot weather, and to a 21 hr. standard for E milks in cool weather. 
Indeed, it may be anticipated that a constant proportion of failures throughout the year 
of the order of 15-20% for both M and E milks could be attained under existing production 
conditions by the application of the following c.0.B. standards: 


M milk (hr.) — E milk (hr.) 
Shade temp. below 60° F. 24 21 
Shade temp. above 60° F. 21 18 


The use of such a variety of standards would not be just either to producers or buyers. 
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SUMMARY AND CONCLUSIONS 


1. The results discussed in this part of the report were obtained by examination of 
milk samples taken at approximately fortnightly intervals throughout a period of one year 
from 298 farms in eight widely separated areas of England and Wales. The samples were 
examined by the routine resazurin test, the methylene-blue (44/54 hr.) test, the methylene- 
blue (3 hr.) test and the temperature-compensated keeping quality test using clot-on- 


boiling (c.0.B.) to determine the end-point. For the first three tests, the treatment of — 


the samples and the standards applied conformed to those prescribed officially for these 
tests in England and Wales. Details are given of the treatment of samples and testing pro- 
cedure for the temperature-compensated c.0.B. test. With this test two standards, equivalent 
to a residual keeping quality at 22° C. of 21 and 24 hr. from 9 a.m. on the day of 
collection of the milk from the farms, for both evening and morning milk were used. 

2. The results are analysed on the basis of the proportion of farms and of samples 
passing or failing the different tests, the effect of shade atmospheric temperature on the 
incidence of failures and the relationship between the standards imposed by the c.0.8, 
tests and the official methylene-blue (43/54 hr.) test. 

The proportion of farms and of samples passing each test was much higher in winter 
than in summer and was directly related to the prevailing shade atmospheric temperature. 
However, a proportion of farms was consistently able to comply with the standards, 
No more than 5% of the total failures by any test could be ascribed to the 60 (20%) 
best farms, whereas the 60 (20°) worst farms were responsible for as many as 37-60% 
of the total failures from the 298 farms. 

3. It is emphasized that tests to be used in routine milk control, if they are to reflect 
the care taken in the production and in the handling of milk on the farm, should determine 
the quality of milk at the time it leaves the farm for distribution to consumers or delivery 
to a creamery. If, therefore, a test cannot be begun at the time milk leaves the farm, 
samples should either receive identical treatment during the pre-test storage period or some 
adjustment should be made to counteract the effect on test results of variations in treat- 
ment during the pre-test storage period. 

The c.o.B. test as used in the present trials conforms to these specific requirements. It 
measures the residual keeping quality of milk at the time it leaves the farm, temperature 
compensation being applied to cater for unavoidable variations in shade atmospheric 
temperature during the pre-test storage of the samples. 

The degree to which the dye tests conform to the above principles is discussed. 

4. Temperature may be expected to have a threefold effect on the results of any bacteri- 
ological test applied to milk samples. Temperature affects the initial numbers of bacteria 
and their subsequent multiplication in milk during its storage at the farm. These two 
factors have a dominant influence on the actual quality of milk delivered by the producer. 
The third, outside the producer’s control, is the variable pre-test storage temperature to 
which the samples may be subjected. If a test is intended to measure the actual quality 
of milk delivered by producers, the effect of this third factor must be eliminated. Since 
it is not practicable to maintain a uniform pre-test storage temperature, temperature 
compensation as, for example, in the c.0.B. test is an essential alternative. 

Because of the overwhelming effect on milk quality of the first two factors mentioned 
above, an increase in the incidence of producers unable to comply with the requirements 
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of any test is unavoidable unless the methods used in the production and handling of milk 
are consistently of a high standard or are adjusted in summer to meet the more exacting 
temperature conditions. An adjustment of test standards to equalize the incidence of 
failing samples at different seasons may be useful for administrative or advisory purposes, 
but such adjustments cannot be expected to eliminate the variations in the incidence of 
failures with temperature. Moreover, in making such adjustments, caution is necessary 
if test results are to bear any relationship to the methods of production and handling by 
the farmer, or to the actual behaviour of the milk on the commercial market. 

5. If the temperature-compensated c.0.B. test were to be substituted for the methylene- 
blue (44/53 hr.) test for the control of designated raw milk in England and Wales, the 
results in these field trials indicate that a standard of 21 hr. at 22°C. in summer and 
24 hr. at 22° C. in winter would correspond approximately to that now imposed by the 
methylene-blue (43/54 hr.) test. 
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GENERAL CONCLUSIONS: PARTS I, II AND Ill 


1. In routine milk control it is desirable to assess the overall efficiency of the producer 
and the potential behaviour of milk after its delivery to consumers or other buyers. This 
is most simply achieved by applying a test or tests whose results may be interpreted in 
terms of the actual or potential quality of the milk at the time it leaves the farm. 

Measurement of the residual keeping quality of milk, defined as the length of time milk 
will remain in a usable or uncurdled condition after it leaves the farm, demands serious 
consideration as a method for the routine control of raw-milk supplies. It affords a direct 
measure of the-care taken by the producer to exclude contamination with milk-souring 
organisms and to prevent their undue multiplication by good cooling and storage on the 
farm. The consumer judges milk by its residual keeping quality. Indeed, being assured 
of the safety of milk, the consumer demands little more than that it shall remain palatable 
and uncurdled until used. To the buyer, the significance of the residual keeping quality 
of the milk he receives may not be immediately apparent. However, since it indicates the 
extent of initial deterioration, measurement of the residual keeping quality of milk gives 
invaluable information, though perhaps not all that may be required by the buyer, about 
the suitability of milk for processing for the liquid market, or for the manufacture of dairy 
products. 

It may be desirable in advisory work to distinguish between errors in production and 
faults in subsequent storage on the farm, but to relate the results of routine control tests 
to the time of production without taking into account possible subsequent deterioration 


188 Keeping quality and raw-milk grading 


before the milk leaves the farm may fail to reveal the potential behaviour of milk on the 
commercial market. 

2. Clot-on-boiling (c.0.B.) or precipitation with alcohol, e.g. 68% v/v, are suitable 
objective measures of keeping quality. Though there exists a general relationship between 
the results of dye tests or of colony counts and keeping quality, in the routine contro] 
of milk supplies individual samples from individual producers are dealt with and, for this 
purpose, prediction of keeping quality from the results of other tests is not sufficiently 
accurate. This lack of agreement between the results of dye reduction and keeping quality 
tests may be explained by the fact that in practically all milk samples the types of bacteria 
predominant at the time of the reduction of dyes at 37-5° C. and at the end-point of 
keeping quality at 18-22° C. are different. With dye reduction tests carried out at 18-22° (, 
many milk samples contain bacteria that reduce dyes actively but have no apparent effect 
on keeping quality, a fact which may well explain the discrepancies between the results 
of dye and keeping quality tests carried out at these temperatures. 

3. To assess the keeping quality of a series of milk samples on a comparative basis, the 
samples must be stored at a constant temperature and tested at intervals until the end- 
point is reached. However, in the application of a keeping quality test in routine milk 
control it should not be necessary to obtain the exact end-point for each individual 
sample. Compliance with a stipulated standard can be ascertained by a single test after 
storage of the samples at a constant temperature for the necessary period. For example, 
if a residual keeping quality standard of 24 hr. at 20° C. were to be imposed, storage of 
samples—taken at the time milk leaves the farm—at 20° C. and testing by c.0.B. 24 hr. 
later would suffice to establish compliance or non-compliance with the standard. 

4. In practice it would be inconvenient to sample all milk at the time it leaves the farm 
and to arrange for the incubation of the samples thereafter at a constant temperature 
until tested. Since most milk is delivered to creameries, sampling on arrival at the 
creamery platform is more convenient. Under existing transport conditions wide variations 
occur in the time between collection of milk at farms and its delivery to creameries. To 
set a single standard of residual keeping quality based on the time of receipt of milk at 
creameries would inevitably lead to unequal and unequitable treatment of producers; 
the standard would be more lenient for milk arriving early than for that arriving late at 
the creamery. Moreover, day-to-day variations in temperature would affect the result. 

Inequalities associated with sampling milk at creameries can be minimized by relating 
the standard of residual keeping quality imposed to the time milk leaves the farm. In 
practice milk may be assumed to leave the farm at 9 a.m. In general, however, it would 
not be practicable to begin the incubation of samples before 4 p.m. on the day of sampling. 
To impose a common standard of residual keeping quality, based on an assumed collection 
time at 9 a.m. for milk sampled on different days and in different parts of the country, 
some adjustment must be made to offset the effect of variations in temperature during 
the period 9 a.m. to 4 p.m. This may be achieved by temperature compensation, a device 
which is well substantiated experimentally and which is conveniently applied in practice. 
With this method the period of incubation of the samples at a constant temperature from 
4 p.m. onwards is varied according to the mean shade atmospheric temperature between 
9 a.m. and 4 p.m. on the day of sampling. In this way a constant standard of residual 
keeping quality, based on the time milk leaves the farm, can be applied to samples taken 
from different producers on different days throughout the year. 
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With the aid of a simple formula, derived from the results of a series of carefully con- 
trolled laboratory experiments, the actual period of incubation at a constant temperature 
from 4 p.m. onwards, after storage between 9 a.m. and 4 p.m. at shade atmospheric 
temperature, may be calculated for any standard of residual keeping quality. 

5. With any test, the imposition of a constant standard for milk as it leaves the farm 
may lead to a higher incidence of failing samples in summer than in winter, and for 
evening uan for morning milk. Experience has shown that an adjustment of standards 
on a day-to-day basis as with the routine resazurin test, or on a seasonal basis as with the 
methylene-blue (44/54 hr.) test, does not eliminate the variations in the incidence of failing 
samples. Moreover, in making such adjustments, there is always the danger that test 
results may bear little relationship either to the methods of production and handling of 
milk by the producer, or to its actual behaviour on the commercial market. Producers 
exercising adequate care should experience little difficulty in complying with any reason- 
able standard, and it would seem more desirable to encourage producers to improve their 
methods and to take adequate care in the storage of evening milk on the farm rather than 
to adjust the test standards. 

6. Experience of the application of the temperature-compensated c.0.B. test has shown 
that a standard of 21 hr. at 22° C. in summer and of 24 hr. at 22° C. in winter approximate 
to the standards now imposed by the methylene-blue (44/54 hr.) test for designated milk 
in England and Wales. Though we do not advocate a dual standard in routine milk control, 
for advisory purposes a higher standard in winter may be useful for warning some 
producers that their methods are unlikely to lead to the production of milk of satisfactory 
keeping quality in summer. 


ADDENDUM: AN APPARATUS TO DETERMINE THE C.0.B. END-POINT 
AUTOMATICALLY 


By H. Barxworts, Natural Agricultural Advisory Service AND 
A. A. Neae, Lewes, Sussex 


Measurement of the keeping quality of milk using the c.o.B. test may involve night 
observations. A method has been evolved to carry out this test automatically, and details 
are given below of a prototype apparatus which has proved satisfactory under experi- 
mental conditions. 

In this apparatus (Fig. 1) the test-tubes containing milk are transferred automatically, 
and at a predetermined time, from the incubation bath to a bath of water which is rapidly 
brought to the boil and is kept boiling for the time required. The result can be observed 
at a time convenient to the worker. Extensive trials have failed to disclose any change in 
result when observations have been delayed for 24 hr. after the c.0.B. test is performed. 


Mechanical details 

The apparatus has no motor or gearing, motion being obtained by a simple system of 
counterweights. 

The basket holding the test-tubes in the incubation bath is suspended from one end of 
two parallel arms which rotate on a transverse axis. At the opposite end, some distance 
beyond the axis, the arms carry an adjustable weight which counterpoises the basket of 
test-tubes. A small pulley wheel, around which is wound a wire supporting a small weight 
or ‘sink’, is mounted on the axis. 
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When at rest the arms are horizontal, but when motion is applied they swing upwards 
and over through an angle of 180° to transfer the basket from the incubation bath to the 
boiling bath. With the basket in the incubation bath the arms are retained in position 
by a trip-gear whose end projects over a solenoid. After transfer of the basket into the 
boiling bath the arms are automatically locked to prevent buoyancy effects. This is 
achieved by a spring pawl which must be released by hand before the basket can be 
returned to the incubation bath for a subsequent test. 
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Fig. 1. Apparatus for the automatic application of the clot-on-boiling test. 


Timing and electrical circuits 
Timing is achieved by a Horstman pre-set switch. This switch can be set for any 
operating time up to 2 hr., and to operate at any future time up to 14 hr. The switch is 
wired to control the current to the solenoid and to the heating element in the boiling bath. 
In the prototype apparatus the water boiled in 10 min., so that setting the switch for an 
operating time of 20 min. gave 10 min. at the boiling-point. 


Setting and operation 

The system is balanced by holding the ‘sink’ in the hand so that the wire is slack, and 
moving the counterweight till it just overbalances the loaded test-tube basket. The switch 
is then set, both for operating time and interval before operating. When the switch operates, 
the solenoid is excited and its soft iron core rises and strikes the end of the trip-gear 
which releases the rotating arms. The pull of the ‘sink’ round the pulley rotates the arms, 
and the basket is carried over into the boiling bath. At the same time the current is 
passed through the heating element in the boiling bath. 

To prevent overheating of the solenoid a cam switch is incorporated on the pulley, 
This cuts off the current to the solenoid when the arms rotate. Current to the element 
in the boiling bath is cut off at the end of the operating time which has been set on the 
Horstman switch. The switch has been found accurate both as regards pre-set times and 
operating times. 

There are clock-work switches which perform the same functions and which can be 
operated by a gas supply. With this system, the solenoid mechanism would have to be 
modified. 


(MS. received for publication 20 October 1950) 
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44. THE PRODUCTION OF ANTIBIOTICS BY STREPTOCOCCI 


By A. HIRSCH anp DOROTHY M. WHEATER 
National Institute for Research in Dairying, University of Reading 


In 1903 Swithinbank & Newman wrote(1): ‘...there is what is termed an intracellular 
poison present in the body of the micro-organism, and which may be a property common 
to several species. These products, then, may in the course of 48 hr. be produced in milk, 
under favourable conditions, and greatly affect the bacteria contained therein.’ Later 
observations on inhibitory strains of Streptococcus lactis were made by a number of 
workers (2,3,4), and others have isolated the antibiotic and reported on its possible thera- 
peutic use 6,6), Florey, Chain, Heatley, Jennings, Sanders, Abraham & Florey (7) have 
reviewed the historical background of antibiotic streptococci, and it is considered that in 
addition to Str. lactis numerous other species of streptococci may produce antibiotics. 
As recently as 1929 Boehm & Kopaczewski(8) found that ‘Str. erysipelatus’ was able to 
inhibit the cancer-like tumours produced by Bacterium tumefaciens in pelargonium plants. 
Although it is stated in recent papers such as Su’s 9) that antibiotic-producing streptococci 
could not be isolated from sewage, and Thompson & Johnson (10) have shown the antibiotic 
effect of salivary streptococci to be due to hydrogen peroxide, it was, nevertheless, 
desirable to make a systematic survey, since these organisms have been reported to be 
useful in various clinical conditions, i.e. lupus (11), anthrax (12,13,14), plague (5), and cancer (16). 


EXPERIMENTAL 
Antibiotics produced by pure cultures 
Methods. The organism was isolated from one of the sources shown in Table 1 and tested 
for antibiotic production by the cross-streak technique on glucose or serum agar (I7). 
Bacterium coli, Staphylococcus aureus, Bacillus subtilis and Streptococcus agalactiae were 
used as test-organisms. Str. dysgalactiae was also sometimes used. 


Table 1. The inhibition by pure cultures of streptococci. Cross-streak technique 


Staph. Str. Str. 

Bact. coli pyogenes B. subtilis agalactiae dysgalactiae 

No. No. lame S_—_JF OOO OrFO — 
Source tested inhibitory + - + - - - + - £ s 
Throat swabs 213 21 0 21 19 2 8 13 13 l 4 0 

(human) 
Raw milk 239 27 8 18 25 2 26 l 13 0 11 1 
Lancefield group D 40 34 3 31 24 10 34 0 34 0 — — 
from cheese 
Lancefield group B 51 51 2 49 33 18 — — 51 0 51 0 
from udder swabs 
Bovine faeces 10 5 0 5 0 5 5 0 5 0 — — 
Total 553 138 13 124 = «101 37 73 14 116 1 66 l 
+ =inhibition. — =no inhibition. 


Tests for hydrogen peroxide were made by the method of Fuller & Maxted (is), using 
benzidine agar. In liquid media the test was done by adding to the tubes a few drops of 
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a 2° aqueous solution of the oxidation-reduction indicator p-phenylenediamine (19), The 
test was sensitive to 1 part in 10,000, a brown colour developing in 20-30 min. 

Results. Of a total of 553 pure cultures tested by the cross-streak technique 138 showed 
inhibition (Table 1). Forty-seven of these were producers of hydrogen peroxide and were 
not tested further. The remaining strains showed no activity when tested by the dilution 
end-point method of assay previously described (6). 

It was at first thought that the failure of these organisms, although inhibitory on a solid 
medium, to produce antibiotics in liquid culture was a reflexion of some deficiency in the 
cultural method (cf. Heatley & Florey (20)), and numerous unsuccessful attempts were 
made to overcome this. A variety of complex media, incorporating different peptones, 
beerwort, milk, serum, albumen, buffers and Tweens, were tried without success. Strict 
anaerobiosis, aeration, the effect of carbon dioxide and growth on collodion membranes (2) 
were similarly unsuccessful. Incorporation in the liquid medium of agar washings or low 
concentrations of agar, and the trace elements known to occur in agar were also tried 
without positive results. The cultures used in the course of this work continued to show 
undiminished activity on glucose agar. From many of these plates the cells were washed 


Table 2. The inhibition by mixed cultures of streptococci after enrichment. 


Rapid-assay technique 
No. inhibitory in rapid assay 
A 





cr 


. . . ne. 
Not in- Titre up to Titre up to 


No. of cultures hibitory in 1/32 in dilu- 1/320 in dilu. 
Source of samples tested Total dilutionassay tion assay tion assay 

Throat and nose swabs (human) 3414 68 59 — 9 
Raw milk 984 52 49 3 
Pasteurized milk 548 44 44 — — 
Cheese 652 41 41 — — 
Bovine faeces 837 32 28 + — 
Human faeces 966 29 15 13 1 
Bovine rumen 615 37 32 5 — 

Total 8016 303 268 22 13 


off and extracted with a variety of aqueous and organic solvents or the cells ground in 
saline. As these experiments also failed to reveal antibiotic activity, the agar on which 
these cultures had grown was tested in a dilution assay, after it had been ground and the 
particles emulsified in saline. No antibiotic activity could be demonstrated. Since cultures 
producing detectable amounts of hydrogen peroxide had been discarded it was thought 
that the inhibitory phenomena observed were due to lactic acid (see also discussion). 

It was clearly desirable to use an isolation technique which was less subject to the effect 
of metabolic by-products. A method of assaying liquid cultures, which also had the ad- 
vantage of speed, was therefore devised. 


Antibiotics produced by mixed cultures after enrichment 
Methods. Samples for assay were taken from the sources shown in Table 2, and were 


enriched by incubation at various temperatures in litmus milk or glucose Lemco broth. | 


Thallous acetate (01% w/v) as a selective agent was also tried, but experience of the 
enrichment method showed its use to be unnecessary, since in its absence cultures con- 
tinued to yield a predominantly streptococcal flora. 

The rapid method of assay used to test these samples was that of Cox (21) with some 
slight modifications 22). The test organism was a rapidly growing culture of Str. cremoris 
which was subcultured daily in milk at 22°C. Prior to assay a 10% (v/v) inoculum was 
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made into litmus milk and incubated for 1 hr. at 30° C. 9 ml. of this mixture were added 
to 1 ml. of sample and further incubated at 30°C. A first reading was usually possible 
in 1 hr., when inhibition was shown by retarded acid production or diminished reductase 
activity. It was found that sterile samples were necessary for this assay method, and 
since antibiotics are liable to be lost, both by heat treatment and filtration, the samples 
were sterilized by treatment with chloroform vapour. Test-tubes containing up to 4 ml. 
of sample were sloped to give a maximum surface and incubated at 42° C. A cotton-wool 
plug soaked in chloroform was placed below the usual plug. After 4 hr. incubation the 
chloroform plug was removed, but incubation was continued for a further hour to remove 
residual chloroform. 

Samples which on repeated testing by the rapid assay method consistently showed 
inhibition, were plated on glucose agar, single colonies picked and tested by the dilution 
end-point method (6). 

Liquid cultures of organisms, including those shown on benzidine-blood agar to be 
strong producers of hydrogen peroxide, always gave negative results, when tested by the 
p-phenylenediamine technique (9). Thus hydrogen peroxide was not produced in detectable 
amounts in liquid culture. Moreoever, because culture fluids were diluted 1/10 for assay, 
interference from lactic acid was not encountered. 

Results. A total of 8016 mixed samples were tested by the rapid method of assay. 
303 samples showed inhibition and these were streaked and pure cultures isolated (Table 2). 

Of the 303 samples showing inhibition by the rapid assay 268 failed to give inhibition 
when the cultures were purified and tested by the dilution assay. Thirteen strains inhibited 
Str. agalactiae in dilution assay to 1/320. The antibacterial spectrum of the culture fluids 
was similar to that of nisin(6), and the cultures were shown to be strains of Sér. lactis. 

The twenty-two remaining cultures were shown by biochemical and serological means 
to be strains or variants of Str. faecalis. In dilution assay they inhibited Str. agalactiae 
up to a maximum of 1/32. The antibacterial spectrum of the culture fluid was similar to, 
though considerably weaker than, that of nisin. 


Antibiotics produced by mixed cultures without enrichment 

Method. The continued failure to isolate antibiotic producing streptococci other than 
Str. lactis necessitated yet another experimental method to counter the obvious criticism 
against an enrichment method, i.e. that the organisms being tested were those which grew 
the most rapidly and were not necessarily those producing antibiotics. A modification of 
Kelner’s(23) method was used. Samples, which were taken from the sources already 
described, were again investigated. Microscopic counts were made and dilutions prepared 
to give 50-100 colonies per Petri dish. A further 4 ml. of agar were poured over the surface 
and the plates then incubated overnight at 37° C. A 10 ml. layer of agar, inoculated with 
1/100 dilution of the test organism (Str. agalactiae), were then poured over these plates 
and they were incubated at 37° C. for a further 24 hr. Colonies which showed clear zones 
of inhibition were picked into glucose broth and tested by the end-point dilution assay. 

The inclusion of 4 ml. of agar, between the antibiotic producing colonies and the test- 
organism layer resulted in more anaerobic conditions in the former; this reduced the 
likelihood of the formation of hydrogen peroxide. The effect on the test organism of lactic 
acid was also reduced by this means, without at the same time interfering with the activity 
of antibiotics. Even small quantities of a slowly diffusible antibiotic, such as nisin, could 
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be demonstrated by this method, which, for speed, compared favourably with the cross- 
streak technique. 

Results. As can be seen from Table 3, inhibitory strains were observed in seventy-nine 
of the 510 samples examined. From these inhibitory cultures 171 single colonies were 
picked and examined by dilution assay. Only fifteen of these were now found to be in- 
hibitory, and eleven of these proved to be nisin-producing strains of Str. lactis. The 
remaining four gave low and variable titres of up to 1/10; serologically two of the strains 
belonged to Lancefield group D and the other two to group F. 


Table 3. The inhibition by mized cultures of streptococci. Colony ‘spotting’ 


technique with Str. agalactiae 
No. of colonies No. inhibitory 
No. inhibitory picked from in dilution 


Source No. tested on plates plates assay 
Throat swabs (human) 65 12 25 3 
Raw milk 85 26 58 5 
Pasteurized milk 70 2 3 1 
Cheese 50 6 13 3 
Bovine faeces 60 7 14 0 
Human faeces 130 20 50 iL 
Pig faeces 50 6 8 2 

Total 510 79 171 15 
DISCUSSION 


We believe that the data presented in this paper are sufficient evidence that antibiotic 
producing streptococci other than the lactic streptococci are rare or do not exist. From 
almost 10,000 samples only twenty-six strains of group D and two strains of group F 
streptococci were isolated which in broth yielded inhibitory culture fluids with average 
titres of 1/8 to 1/16. Whenever culture fluids of high activity were obtained, i.e. with titres 
of about 1/320, the responsible organism was Str. lactis. It is interesting in this connexion 
to note that apart from the strains which were isolated from dairying sources, two cultures 
of inhibitory Str. lactis were isolated from human faeces and ten cultures from throat and 
nose swabs. 

Since zones of inhibition, which may be frequently observed around streptococcal 
colonies or streaks on agar plates, may be due to a variety of causes, hydrogen peroxide 
and lactic acid being the most obvious, we consider that inhibitory culture fluids are 
necessary to prove antibiotic action. Thus Thompson & Shibuya (24) observed the inhibitory 
action of salivary streptococci on agar, but later they concluded that this was due to 
hydrogen peroxide (0). On agar, containing glucose, Sherwood 25), showed that haemolytic 
streptococci produce zones of inhibition. He thought that the inhibition was due to an 
antibiotic now termed ‘streptostasin’ (26). Under similar conditions we obtained strong 
circumstantial evidence that the inhibition observed on plates was due to lactic acid, 
which was formed and concentrated in a small area near the colonies. Several points were 
in favour of this theory. Thus inhibition on solid media could only be observed regularly 
if glucose was incorporated in the medium; under these conditions streptococcal test 
organisms were also inhibitory, and a number of organisms were shown to be self-inhibitory. 
Moreover, it was impossible to recover antibiotics from agar plates showing inhibition or 
to obtain active culture fluids. 

A field of considerable interest is that of bovine mastitis. It has been said that udder 
infections caused by Str. agalactiae will prevent the establishment of infection by other 
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streptococci or staphylococci. The fifty-one strains of Str. agalactiae examined in this work 
failed to produce antibiotics, but when mixed cultures of one of these strains were grown 
with Str. dysgalactiae, the latter organism always disappeared towards the end of the 
growth cycle. The population density in the stationary phase of Str. agalactiae has been 
found to be much higher than that of Str. dysgalactiae, and it is possible that the observed 
effect was similar to the M-concentration phenomenon (27). The work of Von Wikullil @8) 
suggests that a similar ‘crowding out’ effect can exist in vivo. 


SUMMARY 

From raw and pasteurized milk and cheese, human, bovine and pig faeces, human nose 
and throat swabs, 553 pure cultures were isolated and tested by a cross-streak technique 
on agar. From the same sources, but without isolation and purification of the cultures, 
510 samples were also tested by spotting individual colonies with a test-organism culture 
of Streptococcus agalactiae. A further 8016 samples were tested after enrichment by a quick 
assay using Str. cremoris as the test organism. The samples examined failed to reveal 
antibiotic producing streptococci with the exception of some strains of Str. lactis which 
produced nisin. 


The authors wish to thank all those who supplied them with samples, including Dr N. 
Wood of the Public Health Laboratory Service and Miss J. Lucas of the National Milk 
Testing Scheme. 
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445. THE DIFFERENTIATION OF THE LACTIC STREPTOCOCCI 
AND THEIR ANTIBIOTICS 





By A. HIRSCH anp ELISABETH GRINSTED 
National Institute for Research in Dairying, University of Reading 





Whitehead (1) was the first to record observations on the antibiotic-producing streptococci 
and noticed differences between the antibiotics produced by his two strains. Mattick & 
Hirsch 2), using seven strains of these streptococci, showed that the antibiotic produced 
by Streptococcus cremoris, the diplococcin of Oxford (3), was different from nisin, produced 
by Str. lactis. They also indicated that antibiotics, not identical with nisin and diplococcin, 
may be produced by the lactic streptococci. The results of Hoyle & Nichols(4) confirmed 
the diversity of these antibiotics. Their further differentiation was of interest, and four 
antibiotics, in addition to nisin and diplococcin, are now described. All the cultures 
producing these new antibiotics were strains of Str. lactis, which could be differentiated 
only by their serological type. For the differentiation of the antibiotics a new test—the 
cross-test—was used. This was supplemented by the well-known resistant-strain test. 











TECHNIQUES 

The cultural and biochemical tests used for the identification of the organisms were essen- 
tially those of Sherman (5). Tests for the production of ammonia (6) and growth at pH 9:6 
and 9-2(7) were also made. The group serum used was kindly supplied by Dr Shattock 
(Shattock & Mattick(s)). Type sera were prepared in rabbits, using five intravenous 
injections of live organisms spaced at 3-day intervals. These type sera were tested by slide 
agglutination (9,10) and, when necessary, cross-absorptions at the minimal absorbing dose 
were carried out (1). 

It has been shown(2,12) that after the pH has fallen to c. 4-6, culture fluids of these 
streptococci contain about 50% of the total antibiotic activity. The antibiotic-producing 
organisms were killed by heating at 100°C. for 5 min. and the culture fluids used for 
antibiotic differentiation. The two main tests were the cross-test and the resistant-strain 
test. 

In the cross-test, producer organisms in turn became test organisms. The effect of these 
organisms upon each other was measured quantitatively by end-point dilution assay, and 
the titres were expressed as the reciprocal of the dilution at which overnight growth of 
the test organism was just prevented. 

The resistant strain test, using a culture of Str. cremoris (1P5), was similar to that 
described by Stansly (3). Culture fluids could be obtained giving titres up to 5120 against 
this organism, so that large increases in resistance could be achieved without chemical 
concentration of the antibiotics. Once an 1P5 culture was rendered resistant against one 
of the antibiotics, differences could be observed by testing the effect of the other antibiotics 
on this culture in dilution end-point assays. 
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RESULTS 
The identity of the inhibitory streptococci 
Table 1 presents the biochemical and cultural reactions of the organisms employed in this 
study. All the cultures were catalase-negative cocci which occurred in chains or pairs, with 
an optimum growth temperature of 26—-29° C. Litmus milk was strongly reduced. Extracts 
of all organisms precipitated with group N serum and not with sera of groups A-M. All 
produced antibiotics which, at the end of growth, could be found in the medium. 

The two strains of Str. cremoris (nos. 15 and 16) could be differentiated without difficulty 
from the strains of Str. lactis, although the latter gave variable reactions in media adjusted 
to pH 9-2, an important differentiating characteristic according to Yawger & Sherman (14). 
Abd-el-Malek & Gibson’s (15) findings were confirmed in that many strains of Str. lactis 
were found which could survive heating to 60° C. for 30 min. when the following conditions 
were observed: two drops of an 18 hr. culture were inoculated into 10 ml. of glucose Lemco 
broth and heated in a water-bath (60+0-1° C.) for 30 min., then cooled and incubated at 
30°C. Results were read after 24 hr. incubation. 

The serological typing of these organisms presented little difficulty ; even the unabsorbed 
sera clearly differentiated Str. cremoris from Str. lactis (Table 2). Some strains of Str. lactis 
(i.e. nos. 2 and 7, and nos. 1 and 11) gave cross-reactions and absorption of their sera was 
necessary. Trouble was experienced with strain no. 1, the typing of which is still somewhat 
uncertain. This strain has defied many attempts, using various techniques, to prepare 
a stable suspension. 

Six sera were prepared (Table 2) and rendered type-specific by absorption, and with 
these twenty-one of the twenty-three antibiotic producing strains were typed. Table 1 
shows that most of the strains belonged to the same type as the nisin-producing organism 
(strain no. 7 previously described as 354/07 (12)). 


Differentiation of the antibiotics 

The results of the dilution assays used for the cross-test are presented in Table 3. It 
may be seen that nisin produced by Jactis and diplococcin produced by cremoris could be 
readily distinguished because of the mutual inhibition of these organisms. The two 
cremoris strains (nos. 15 and 16) inhibited the lactzs strains and were themselves susceptible 
to the antibiotics produced by the others. 

Like the cremoris strains, the majority of the remaining lactis strains produced anti- 
biotics which, with the exception of strains 10 and 11, did not inhibit the strains of the 
same species. The latter two organisms inhibited all the strains dealt with in this paper, 
but they were only susceptible to diplococcin. These dilution assays thus differentiate 
cremorts (nos. 15 and 16) and two types of lactis antibiotics (nos. 10 and 11) from the 
others. Strain no. 21 was an exception because its activity was intermediate between the 
two types of lactis antibiotics described above. The broad classification thus far obtained 
is shown in Table 4. 

The large collection of lactis antibiotic producers which could not be differentiated by 
the cross-test was suspected of being heterogeneous, and the resistant-strain test was used 
for their further differentiation. Using resistant cultures of the test organism, 1P5, 
significant results were obtained which further differentiated the lactis antibiotics (Table 5). 
Two new types, comprising strains 1 and 18, and 2 and 3, were now found. 
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Typing of the antibiotic streptococci 

The serological type of each strain is shown in Table 1, and Tables 3, 4 and 5 present 
the differentiation of the antibiotics produced by these organisms. Based on the data in 
these tables the organisms are arranged in serological and antibiotic types in Table 6, 
and there appears to be some concordance between these types. It was of practical 
interest to know whether such a typing could be further correlated with certain simple 
antibiotic tests, i.e. effect on a pathogen (Str. agalactiae), effect on an acid-fast organism 
(Mycobacterium phler), diffusability through agar and the ease with which resistant strains 
could be prepared. 


Table 2. Serological typing of inhibitory streptococci. Titres by slide agglutination 
of unabsorbed sera 


Suspension of* 
AW. 





7 

Anti-serum of Strain 1 Strain 2 Strain 7 Strain 10 Strain 11 Strain 15 
Strain 1 320 0 0 160 0 
Strain 2 0 200 160 0 0 
Strain 7 0 50 200 0 10 
Strain 10 20 0 0 0 0 
Strain 11 0 0 0 800 0 
Strain 15 0 0 10 0 200 


* Strain nos. 1, 2, 7, 10 and 11 are Str. lactis. Strain no. 15 is Str. cremoris. 


Properties of the antibiotic types 


Strains 1 and 18. These antibiotics readily diffused through agar and gave low titres 
against Str. agalactiae and Myc. phlei in dilution assay. Antibiotic resistant forms of test 


organisms were easily prepared. 
Strains 2, 3 and possibly 21. The antibiotics were similar to those of strains 1 and 18, 


but the rate of diffusion through agar was slower. 

Nisin producers. Twelve strains. Antibiotic resistant forms of test organisms were not 
so easily prepared as with the previous two types. Str. agalactiae and Myc. phlei were 
inhibited. 

Strains 10 and 11. Str. agalactiae and Myc. phlei only slightly inhibited. 

Diplococcin producers. Strains 15 and 16. Str. agalactiae and Myc. phlei were not 
inhibited. 

Strains 12 and 14. Miscellaneous. These antibiotics were similar to the nisin type but 
behaved irregularly in the resistant strain test. 


DISCUSSION 
In agreement with earlier work it was found that the streptococci of group N produce 
a variety of antibiotics. It is not proposed to introduce new names for the antibiotics 
which have been investigated, since the reasons for the differences observed are not yet 
fully known. Berridge(7) has shown that crystalline nisin has at least two components 
which may, in the different strains occur in different proportions. It is also known that 
nisin is a complex polypeptide or small protein, and in such compounds an almost indefinite 
number of arrangements is possible. Nevertheless, certain strains produced antibiotics 
which could be easily differentiated by the relatively insensitive cross-test, and they are 
likely to be chemically different from the streptococcal antibiotics previously described. 
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Compared with nisin the activity of these antibiotics is weak, and they are unlikely to 
achieve practical application in the isolated form. 

The data in Table 6 indicated that there might be some correlation between serological 
and antibiotic types. Interesting speculation arises as to the connexion, if any, between 
the M substance, which Lancefield(1é) has shown to govern the type-specificity of some 
group A streptococci, and nisin. The properties of the M substance resemble those of nisin 
in that both are proteins, soluble and heat stable in acids. 


Table 4. Classification of the inhibitory streptococci based on the cross test 


Diplococcin producers Strain nos. 15, 16 
Lactis antibiotics: Not nisin: (a) Strain nos. 10, 11 
(b) Strain no. 21 


Nisin? Strain nos. 1, 2, 3, 4, 5, 6, 7, 8, 9, 12, 18, 14, 17, 18, 19, 20, 22, 23 


Table 5. Differentiation of two further types of ‘lactis’ antibiotics with a resistant 
strain test 


Antibiotics Titre against 1P5 resistant to 
produced by _ Titre against c A 
strain no. normal 1P5 Strain 1 Strain 18 Strain 2 Strain 3 
1 160 0 5 10 10 
18 320 5 5 10 10 
2 160 20 20 0 0 
3 640 40 40 0 0 





Table 6. Serological and antibiotic differentiation of the lactic streptococci 


Serological type Antibiotic type 

1, 18 1, 18* 

2, 3, 21 2, 3* 

21+ 

4, 5, 6, 7, 8, 9, 12, 13, 14, 20 4, 5, 6, 7, 8, 9, 13, 17, 19, 20, 22, 23+ 
o" 10, 11+ 
15, 16 15, 16+ 
17, 23t 12, 14t§ 


* Differentiated by the resistant strain test. { Not placed. 
+ Differentiated by the cross-test. § Irregular behaviour in the resistant strain test. 


SUMMARY 


Twenty-three strains of lactic acid streptococci were shown to be types of Streptococcus 
cremoris or Str. lactis by cultural, biochemical and serological means. The antibiotics 
produced by the cremoris strains could be differentiated readily from the lactis antibiotics, 
of which at least five different varieties are described. A cross-test and a resistant-strain 
test were used to differentiate the antibiotics. 
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446. A NOTE ON THE INHIBITION OF AN ANAEROBIC 
SPOREFORMER IN SWISS-TYPE CHEESE BY A NISIN- 
PRODUCING STREPTOCOCCUS 


By A. HIRSCH, ELISABETH GRINSTED, HELEN R. CHAPMAN 
AND A. T. R. MATTICK 


National Institute for Research in Dairying, University of Reading 
(With 1 Plate and 1 Text-figure) 


Cheese of the Swiss (Emmenthaler, Gruyére, Danish-Swiss) type is popular on the con- 
tinent of Europe and in America, but severe losses in ripening are caused by contamination 
with anaerobic sporeformers. Active gas production by the clostridia during ripening 
causes distension and spoiling of the cheese which becomes unmarketable. 

Early in the investigation of the antibiotic substance, nisin, produced by lactic strepto- 
cocci) it was found that, amongst other organisms, clostridia were powerfully inhibited, 
and therefore the effect of including antibiotic-producing streptococci in the ‘starter’ 
cultures has been investigated. 

From six nisin-producing strains of streptococci found to inhibit clostridia and lacto- 
bacilli but not thermophilic streptococci and propionic acid bacteria, the strain No. 12 was 
selected for further work because it grew well in milk in which it produced appreciable 
quantities of nisin. The clostridium strain selected (C16) was a vigorous gas producer, 
isolated from a ‘blown’ cheese and kindly supplied by Dr O. Richard of Ziirich. In 
laboratory experiments simulating the preparation of Swiss cheese, No. 12 was found to 
survive the necessary heating and subsequently inhibited gas production by Cl6, whereas 
anon-inhibitory lactic Streptococcus had no such effect. 

Twenty-one experimental cheese, each weighing 15 lb., were then made by two different 
methods. In the first, the development of acidity was controlled by heating the curd to 
55°C. (high scald), and in the second by washing the curd with hot water to raise the 
temperature of the vat to 42° C. (washed curd) (2). The nisin content of some of the cheese 
was followed by dilution assays. Nisin was never detected in control cheese made without 
No. 12, neither was it found during the making nor in the whey. The high scald cheese 
never contained appreciable quantities of nisin, but the washed curd cheese when 2-4 days 
old contained nisin up to 375 units/g. (Text-fig. 1). There was subsequently a rapid decrease 
in the nisin concentration. 

Milk heavily infected with spores of C16 was used in ten of the experimental cheese 
(Table 1). The milk for half the cheese was inoculated with a Swiss cheese starter con- 
taining thermophilic streptococci, lactobacilli and propionic acid bacteria. The other half 
received in addition an inoculum of No. 12. Seventeen to twenty-two days later all the 
cheese made without No. 12 were distended by gas (PI. 1), but all the No. 12 cheese were 
normal. It therefore appears that gas production by anaerobes in Swiss-type cheese can 
be controlled by using a nisin-producing strain of Sér. lactis with the starter, without 
impairment of the necessary propionic acid fermentation. 
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Fig. 1. The nisin content of some Swiss-type cheese. 


Table 1. The inhibition of a strain of clostridium infecting some Swiss-type cheese 
by an antibiotic producing streptococcus 


Time of blowing 
Method off (days after 
Cheese no. Starter used* cheesemaking making) 


8 Normal WC 22 
9 Normal + No. 12 WC oo 


12 Normal HS 18 
13 Normal + No. 12 HS — 


16 Normal WC 17 
17 Normal + No. 12 WC oo 
18 Normal WC 18 
19 Normal + No. 12 WC — 


20 Normal WC 19 
21 Normal + No. 12 WC — 


* Normal starter a mixture of thermophilic streptococci, lactobacilli and propiononic acid bacteria. Strain 
No. 12 was the antibiotic producing streptococcus. 
+ WC=washed curd method; HS =high scald method. 
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REVIEWS OF THE PROGRESS OF DAIRY SCIENCE 
SECTION B: BACTERIOLOGY AND MYCOLOGY APPLIED TO DAIRYING 


I. Lactic acid and allied fermentation 207 


(a) General . , ; 4 ; ‘ ; : ‘ 207 

(b) Inhibitory substances and associative growth ; ; : 3 . 210 

(c) Phage 211 

(d) Starters . 213 

II. Butter . 214 
III. Cheese 220 


I. LACTIC ACID AND ALLIED FERMENTATION 
(a) General 


Microbiology has suffered great loss by the deaths of S. Orla-Jensen and Marjorie Stephenson, 
two outstanding biochemists. Orla-Jensen will always be remembered for his pioneer work on 
the lactic acid bacteria, and Marjorie Stephenson on the foundation of the School of Bacterial 
Metabolism at Cambridge. 

Two Congresses of particular interest to microbiologists have been held, the 4th International 
Congress of Microbiology in 1947 and the 12th International Dairy Congress in 1949. New 
journals which have appeared are the Journal of General Microbiology, Indian Journal of Dairy 
Science, and the Netherlands Milk and Dairy Journal. Of the new books mention should be made 
of a new and largely revised edition of Bergey’s Manual(1), revised edition of Hammer’s Dairy 
Bacteriology(2), Anderson on Bacteriological Chemistry(3) and Hewitt on Ozidation-Reduction 
Potentials (4). Books have also been published by Dubos on The Bacterial Cell(5), Florey and 
co-workers on Antibiotics (6), Gale and Porter on Bacterial Chemistry (7,8), Seelemann on strepto- 
cocci(9), Flosdorf on Freeze-drying (10), Niven on detergents (11) and Sammis and Wilster on Cheese- 
making (12,13), 

Bisset has made a number of observations on the cytology of bacteria, which he summarizes 
in an interesting book(14). He showed (15) that smooth bacilli divide by means of a septate cell 
wall and form ‘medusa-head’ colonies, whereas rough bacteria form structureless colonies and 
divide by constriction. He also showed (16) that long-chain cocci (Streptococcus pyogenes) resemble 
the bacilli, but diplococci (Str. faecalis) resemble the bacteria. Gibshman(17) claims that lactic 
acid streptococci grown in broth showed nuclear bodies, and this is confirmed by Bisset(18). 
Poetschke & Bommer(19) have observed growing cultures of Str. salivarius by phase-contrast 
microscopy. They noted that chains have cocci of different sizes. The ‘large bodies’ are those 
which divide and form chains either by repeated division or by budding. These authors claim 
that division in more than one plane can take place and that the ‘lag-phase’ is largely due to 
the building up of the ‘large bodies’. 

Nutini & Lynch (20) confirm their earlier finding that beef-brain extracts affect the pigmented 
virulent Staphylococcus aureus in that large numbers of mutations to a non-pathogenic white 
form occur. This is further confirmed by Hoerlin(21) who also finds that the y-globulin fraction of 
serum acts against the brain extract and has a stabilizing effect on the strains. Byatt, Jann & 
Salle (22) found an active principle in the Staphylococcus cell itself, capable of producing chromo- 
genic changes, but it is not clear whether this is identical with that of the beef-brain extract. 
In this latter case no changes in biochemical reactions were observed apart from the chromogenic 
changes. There are also records of variability among the streptococci. Thus Burri(23), starting 
with a newly isolated strain of ‘Streptococcus casei’, found that after several months of culturing 
he was able to classify his organism as Str. thermophilus and discarded the first name. When acetate 
was included in the medium the colonial form of haemolytic streptococci was mucoid and in the 
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absence of acetate the colonial form was rough (24). Since acetate is thought to play an important 
part in the synthesis of fat in lactic acid bacteria (25) it is not surprising that Rogosa & Mitchell 26) 
made similar findings with lactobacilli; they could change from rough to smooth by including 
sorbitan mono-oleate in the medium. Rogosa & Mitchell conclude that variation in the colonial 
form is due to changes in the composition of the medium and does not reflect the genetics of the 
culture. Dissociative behaviour with heterofermentative streptococci is reported by Gibshman(2i), 
The changes were seasonal, and the author explains this behaviour by the seasonal variation in 
the composition of milk. 

Hunter (28) claims that a combination of phosphate and agar makes a growth-promoting sub- 
stance available to lactic streptococci. The use of unclarified media is recommended, since the 
growth-enhancing property is lost in pulp filtration. The toxicity of some batches of agar is 
ascribed (29) to the production of peroxides on the surface. Despite this possible source of trouble, 
Snyder(30), in a survey of relative errors of plate-counting methods, recommends the more 
extensive use of surface plating as being more conducive to good replication than deep plates, 
Hirsch (31) and Clegg & Sherwood (32) recommend home-made apparatus for mechanical prepara- 
tion of roll-tube cultures. Mattick(33) recommends the use of 1/2000 thallous acetate for the 
selective isolation of streptococci and lactobacilli from mixed sources. The bacteriostatic activity 
of the salts of thallium, cerium and lanthanum has also been investigated (34) on genera other 
than lactobacilli and streptococci; the toxicity of these salts has been found to be high. A selective 
medium for the isolation of coagulase-positive staphylococci is recommended by Ludlam (35), and 
Zarett & Doetsch(36) recommend a medium for the quantitative isolation of Proteus from milk. 
Demeter (37) and Hunter(38) have demonstrated the importance of manganese for the growth of 
cheese lactobacilli. 

The maintenance of starter cultures in an unchanged condition has for a long time been an 
important research aim, and freeze drying is acquiring an increasing importance. Good results 
are reported by Nichols & Hoyle(39) and Titov(40) and Proom & Hemmons(43). Stamp (41) and 
Naylor & Smith (42) use ascorbic acid in the suspending medium. Speck & Myers(44) found that 
spray-dried skim-milk cultures of a Lactobacillus gave a higher count when reconstituted in water 
at 50°C. than in water at room temperature. Reconstituting of freeze-dried cultures in warm 
medium had, however, a deleterious effect. 

The results of systematic investigations on ‘acidoproteolytic’ micro-organisms are published 
by Gorini in English (45,46) and in French (47). The confusion in the taxonomy of micrococci is 
very great, and it would be a pity to follow Gorini’s suggestion to regard catalase production 
as a variable property of micrococci and include in that genus fairly well-defined organisms like 
Streptococcus liquefaciens. It is probably for this reason that insufficient attention has been paid 
to the other numerous interesting points emerging from Gorini’s work, and in particular on how 
to overcome variability in fermentation reactions. The typing of staphylococci by bacteriophage 
has been investigated, and some details may be found under the phage section. It may be 
mentioned here that Cowan(48) has found, using serological techniques, that coagulase-positive 
staphylococci do not react with sera of the saprophytic strains, a result confirmed by Mercier, 
Pillet & Chabamier(49). Williams Smith(50) found that pathogenic staphylococci in man and 
bovine may be of the same phage type, but that they are different from the types occurring in 
sheep. Staphylococci of the same phage type were isolated from apparently normal or mastitic 
cows. Wahl & Lapeyre-Mensignac (51,52) extended and confirmed the observations of Williams 
Smith. Abd-el-Malek & Gibson (53) have studied a large number of staphylococci and micrococei 
from animal, dairy and other sources, and suggest grouping in a continuous series from the 
coagulase-positive pathogenic Staphylococcus to the thermoduric saprophytes. The dairy micro- 
cocci isolated by Alford & Frazier(54) unfortunately do not correlate in pigmentation and heat 
resistance with the dairy micrococci of Abd-el-Malek & Gibson. Evans(55) is of the opinion that 
the coagulase-positive staphylococci form a homogeneous group characterized by not requiring 
biotin and by being capable of fermenting mannitol anaerobically. The anaerobic micrococci 
have been studied by Foubert & Douglas(56), who, on the basis of morphology and fermentations, 
define a number of new species. One of the organisms (Micrococcus lactilyticus) has the important 
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property of being able to ferment lactate anaerobically (57). This results in the production of pro- 
pionic and acetic acids, and carbon dioxide and hydrogen. 

Micrococci and certain lactobacilli may be able to hydrolyse considerable quantities of butterfat 
by means of intracellular enzymes(58). In general, the nutritional requirements of the lactobacilli 
have been studied in recent years so extensively that an adequate report is not possible here. 
Hunter’s(38) observation may be mentioned: he was able to grow lactobacilli on a rennet digest 
of casein supplemented by lactose and phosphates. The presence of K-ion was found important 
as it could remove the inhibiting effect of the Na-ion. Vitamin and amino-acid requirements 
were studied for a number of lactobacilli(59,60), and as a result of these nutritional studies it was 
concluded that Lactobacillus casei and L. delbruckit are no more than varieties of the same species. 
Tittsler, Geib & Rogosa(61) state that they have been able to introduce a good deal of order in 
the genus Lactobacillus on the basis of colonial type, amounts of acidity in milk, optical activity 
of the acid, gas production, limits of temperature for growth and carbohydrate fermentation, 
but unfortunately no details of this work are yet available. 

Munch-Petersen & Christie(62) have devised an interesting method, using staphylococcal 
B-toxin, for the differentiation of Streptococcus agalactiae from other streptococci. Shattock & 
Hirsch (63) recommend a glycine buffered glucose broth at pH 9-6 as an aid in the differentiation 
of Str. faecalis from Str. lactis. The separate identity of these organisms is also confirmed by 
work from Italy (64). Shattock(65) made the interesting observation that strains of Str. dwrans 
isolated in Great Britain were mainly non-haemolytic, and her haemolytic strains were mainly 
isolated from New-World material. Shattock(66) has also established that Str. bovis, which has 
hitherto been placed among the viridans streptococci (26), falls into serological group D and thus 
confirmed the suspected close relationship between this organism and Str. faecalis. Strains, 
suspected of belonging to group D and which previously could not be classified by the Lancefield 
technique, could be shown to belong to group D by an alcoholic concentrate of the Lancefield 
extract. Niven, Washburn & White (67) found that nutritionally Str. bovis is the simplest Strepto- 
coccus yet studied, requiring only one or two amino-acids for full growth in a synthetic medium. 
The amino-acid interrelationship was(68) found to resemble that previously established for 
Bacillus anthracis (69). The inhibitory action of each of the amino-acids isoleucine, leucine, theo- 
mine and norleucine could be reversed by valine; the inhibitory action of a combination of phenyl- 
alanine and tyrosine (1:1) was reversed by tryptophane. Somewhat similar conditions were 
found(70) with Lactobacillus arabinosus, but the growth of Leuconostoc mesenteroides was more 
dificult to inhibit. Other studies of group D streptococci are concerned with the proteolytic 
enzyme of Streptococcus liquefaciens (this appears to be adaptive)(71) and the anaerobic glycerol 
fermentation by Str. faecalis(72). The strain used in the latter work produced lactic acid and 
succinic acid from glycerol in the presence of a suitable hydrogen acceptor (i.e. yeast extract). 

Bang (73,74), working with strains of Str. lactis, claims that this organism is homofermentative 
when grown at 30-37° C., but may be heterofermentative when grown at 15-20°C. Hunter(75) 
fnds that a strain of Str. cremoris would not grow on a certain peptone medium unless the 
conditions of routine culturing were altered to anaerobiosis. 

Frenkel(76) also found that cultures which have been weakened by heat needed anaerobic 
conditions for successful culturing. Niven(77) has described a synthetic medium for the growth 
of Str. lactis and Str. cremoris. Some cultures which failed to grow on this medium would do so 
when acetate or oleate was added(78). Abd-el-Malek & Gibson (79) have made a survey of strepto- 
cocci in raw and pasteurized milk. The most frequent were Str. kefir and Str. lactis and the 
mastitis streptococci, but Str. bovis, Str. faecalis, Str. cremoris and Str. thermophilus also occurred. 
Using the rate of reduction of litmus milk incubated at 40° C. as a criterion these authors found 
no difficulty in differentiating Str. lactis from Str. cremoris. The value for differential purposes 
of the optical activity of the lactic acid produced is stressed by Anna D. Orla-Jensen(80), who 
found that this property had not changed in cultures maintained for 20-30 years. Swartling(81) 
reports that not only do extracts of Str. diacetilactis react with group N sera, but that his strains 
could also be used to produce specific group N sera. Wagner(s2) claims that two cultures of 
Str. lactis were isolated from diseased persons, but the chief evidence for this claim is the reaction 
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of these organisms with Seelemann’s group ‘L’ serum(9) (which is probably the same as Shattock 
and Mattick’s group N serum), but cultural and biochemical tests make it seem unlikely that the 
first culture, at least, was Str. lactis and details of serological tests are not given. 

Strains of Leuconostoc mesenteroides isolated from cane-juice were divided into four groups(ss, 
84) mainly on the basis of colony form, but by means of phage and serological typing only the 
first of these groups was shown to be homogeneous. Leuconostocs and lactobacilli have been 
isolated from the surfaces of discoloured sausages(85). The discoloration is thought to be due to 
the production of H,O,. Cultures of Lactobacillus plantarum were isolated from commercial 
cucumber fermentations(86). Delwicke(87) has studied the production of propionic acid by 
Propionibacterium pemtosaceum, and Doetsch & Pelczar(88,89) have studied some morphological, 
physiological and nutritional requirements of the Microbacteria. Thomasow(9) has studied the 
enzyme systems of Bacterium linens. A sub-committee of the Society of Applied Bacteriologists 
has reported on the ‘coli-aerogenes’ group (91). 


(6) Inhibitory substances and associative growth 


Hoyle & Nichols(1) have investigated commercial starters composed of cultures of Streptococcus 
cremoris and found that 27°% were inhibitory; 34% of the strains isolated from naturally soured 
milk were also inhibitory, and these authors point out the desirability of checking cultures for 
antibiotic production before they are thought suitable for use as starters. Anderson & Meanwell(2 
have isolated a strain which, although itself a producer of inhibitory substance, was not susceptible 
to other streptococcal inhibitory substances. Later the same authors also isolated a non-inhibitory 
but resistant culture of Streptococcus, which they have maintained for a period of years in a stable 
condition. The maintenance technique used was three-monthly cultivation from chalk-litmus 
milk stored at 0-5° C. 

Nisin, the antibiotic produced by Sér. lactis has been purified and crystallized by Berridge(3), 
and its assay is described by Hirsch (4). Nisin production could be increased by buffering at the pH 
optimum of 6; Ca-pantothenate and an adequate energy source was essential (5). Results promising 
strong inhibition of Mycobacterium tuberculosis, in vitro and in vivo, is reported for this substance (6). 
In mastitis of the cow also, this substance was very effective; single injections only were required 
for therapeutic success, although some irritancy to the cow is also reported (7). Sherwood, Russel, 
Jay & Bowman(s) report antibiotic produced by B-haemolytic streptococci, but the method of 
testing, although excluding H,0,, does not exclude the inhibitory effects of lactic acid. 

An antibiotic produced by an unidentified Lactobacillus is reported by Grossowics, Kaplan & 
Schneerson (9). This substance was heat- and acid-stable and inhibited equally the Gram-positive 
and negative organisms. A non-pathogenic Streptococcus was isolated by Noster(10) from the 
sputum of a patient suffering from bronchitis. This organism (not identified) was able to inhibit 
numerous pathogens. 

The presence of an inhibitory substance in raw milk has been known for some time(1l), and 
recently these findings have again been confirmed (12,13), Ritter(13) and McEwen & White(l4) 
showed that diet does not affect the concentration of this substance. Increasing amounts of it 
were present in early lactation and in subclinical mastitis milk, but McEwen & White found no 
change in concentration after artificially infecting the udder. These authors,reported a fall in the 
bactericidal property of milk during the ‘drying-off’ period. Morris & Edwards(15) report that 
raw milk contains a ‘clumping factor’ which may give rise, with Str. lactis, to lower viable counts 
in raw than in heated milk. 

Associative growth of Str. lactis and Aerobacter aerogenes is reported by Iya & Frazier(16). 
Some symbiotic relationship also seems to exist between lactic streptococci and proteolytic 
bacteria in kefir(18). When Kovrovtzeva(17) grew mixed cultures of Streptobacteriwm (Lactobacillus) 
plantarum and Saccharomyces cerevisiae, the lactobacillus grew only slowly at the beginning but 
‘gradually penetrated the yeast cells and caused their disruption, after which an accumulation 
of bacteria was noticed’. 
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(c) Phage 

Reports continue to appear recognizing the importance of phage attack on starter organisms 
in butter and cheese manufacture. Overby(1) in Denmark isolated phage from the milk of 22 out 
of 118 producers, and similar reports came from Russia(3,4). Runov(2) tested filtrates from 
10 varieties of cheese made in the Soviet Union, and the 67 samples tested were all positive. 
Mosimann (6) describes outbreaks of phage infection in Swiss butter and soft-cheese factories, 
and Babel(5) records a similar occurrence in the U.S.A. 

Babel(5) also found that once there was infection the whey carried the phage for many days 
after the original starter was withdrawn. This is in agreement with the findings of Whitehead & 
Hunter(7), who consider that whey churns represent one of the important sources of factory 
reinfection. These authors(8) consider that phage particles are widespread in nature and become 
active when stimulated by a suitable strain. Josse(9) isolated from sewage water five different 
phage races active against nine strains of Streptococcus lactis. Novak(10) claims to have isolated 
Str. cremoris phage from mastitis milk, and Miklik(11) was able to isolate phage from the faeces 
of a hen fed on Streptococcus soured milk. Nichols & Hoyle (12) obtained variable results from faeces 
of the pig, fed and kept under controlled conditions, and they conclude that faeces cannot be con- 
sidered the usual source of the dairy phage. Williams Smith(13) makes the interesting suggestion 
that lysogenic strains of staphylococci can be found frequently in sewage and faeces, and it is 
for this reason that phage can often be isolated from this source. 

Various detergents have been used to destroy phage. Whitehead & Hunter(7) use solutions 
containing 180 p.p.m. available chlorine to free whey of phage before it leaves the creamery. 
This method is more reliable than heating to 190° F. and avoids the ‘burning on’ of protein. 
Prouty (14) tested a great range of quaternary ammonium compounds, and found that at 200 p.p.m. 
contact of 2-4 min. was enough to inactivate phage. Some of these compounds were active at 
even 80 p.p.m. Greene & Babel(15) find that ultra-violet irradiation can inactivate phage, but 
consider the method impracticable under commercial conditions. Russian workers(4) consider 
that hot soda is the most efficient method for cleaning equipment, and that air is best freed from 
phage by steaming. Foster(16), working with Bacterium coli phage, finds that proflavin inhibits 
the phage at concentrations much smaller than that required to inhibit the host. Roberts & 
Sands(17) attack the problem by trying to find an homologous antimetabolite. They suggest that 
a competitor for vitamin B,, would stop phage action, and base the suggestion on the observation 
that resting cells have a small and variable burst-size, and such cells also have a low B,, content. 
Moreover, when Bact. coli were grown in a synthetic medium devoid of B,., the resulting cells, when 
phage infected, yielded small burst-size and time to produce lysis was prolonged. The addition of 
B,. induced normal cell behaviour. Non-specific and incomplete inhibition of phaging was 
obtained by use of polysaccharides(18), and other workers using antibiotic techniques were able 
to isolate antiphage agents from an Aspergillus(19). Edlinger(20) obtained streptomycin-resistant 
colonies of staphylococci, which at the same time became phage-resistant. Cherry & Watson (21) 
find that a number of electrolytes stimulate but that sodium citrate inhibits lysis of Streptococcus 
lactis, The term ‘lysis inhibition’ is used in a special sense by Doermann(22) and refers to a 
mutated type of phage which requires somewhat longer than the parent phage to clear a turbid 
broth. 

There is general agreement that at pH 5 or below, phage action is inhibited (23,35,36). Cherry & 
Watson (23) and Parmelee, Carr & Nelson(37) publish electron photographs of the lactis phage. 
The phage is 220 my long, has a head diameter of 70 mp and a tail. Parmelee et al. observed nine 
strains of phage without detecting morphological differences between them, and they also 
observed, as has been done with other phages, that when a culture is attacked, they are adsorbed 
tail first. Also, there is fairly general agreement about the heat required to inactivate lactis 
phage. Palladine, Peretz & Mazukevitch (4) give 10 min. at 85° C. Miklik(11) gives $ hr. at 70° C. 
or momentary heating to 80° C., but the phage used by Cherry & Watson was inactivated in 
5 min. at 65° C.(23). An interesting observation on the effect of heat on Staphylococcus and coli 
phages is made by Linz(24). He observed that if an organism which can grow at 37 or 45° C. is 
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incubated with its phage at 45° C. the phage will slowly die, but if the phage is incubated in the 
presence of chloroform-killed cells at 45° C., it can be recovered undamaged. 

For a possible explanation of the above observation it is necessary to deal very briefly with 
recent developments in the T system of phages described for Bacterium coli. The position up to 
1946 has been brilliantly reviewed by Delbriick(25), and growth requirements of coli phage have 
been recently reviewed by Cohen(26). Anderson (27) finds that L-tryptophane is necessary for the 
activation of phage particles, and summarizes some of his findings in an important lecture (28,29, 
30,31). Delbriick(32) shows that one of the coli phage (T4) occurs in three mutant forms: one 
which required no adsorption co-factor (L-tryptophane), a second which requires co-factor 
(1 g./ml.) but adsorption is also inhibited by indole at the same level (1 4g./ml.), and yet a third 
type which, in addition to the co-factor, also requires Ca ions for adsorption. This last type is 
powerfully inhibited by indole (0-1g./ml.). Indole is known to be a tryptophane breakdown 
product, and Linz’s(24) observation can be explained by a change in metabolism resulting from 
raising the incubation temperature from 37 to 45° C. Cherry & Watson(21) are now attempting 
to extend some of the findings obtained for the coli phage system to the lactis phage system. They 
have shown, for instance, that in a complex yeast-extract broth, the absence of tryptone much 
reduced phage adsorption. Increasing the quantity of yeast extract could replace the tryptone 
as far as adsorption was concerned, but even then the latent period of phage growth was prolonged. 
Ca-ions, too, have been shown to be important in systems other than the coli phage. Thus, 
Williams Smith(33) found that some batches of agar which were inhibitory to Staphylococcus 
phage could be corrected when m/100-CaCl, was added. Following up this observation Reiter (34) 
was able to show for the first time true lysogenesis in Streptococcus lactis. 

The lysogenic behaviour of staphylococci has recently been studied in detail by Rowntree (38), 
She found most of the strains to be lysogenic, but in almost all cases the phage could be separated 
from the cells by filtration through a gradocol membrane when 4-5 hr. culture was used. Usually 
about 1000 lysogenic cells are required to form a single plaque on the indicator strain. Working 
with Str. cremoris Hunter(39) originally observed that some strains were resistant to one strain 
of phage and these could be induced to carry this same phage. In this ‘carrier’ state the organism 
became resistant to the attack of unrelated phages. Hunter has further shown(40) that under 
commercial conditions a culture u.ually becomes infected by one specific phage. Hunter & White- 
head (41) have attempted to use carrier-strain (phage-resistant) cultures under commercial condi- 
tions and obtained a measure of success. Eventually, however, their culture picked up a new 
phage to which it was sensitive. Also working with single strain starters, Ford & Babel (42) 
exposed the culture to phage and then continued subculturing the secondary growth. By this 
means the phage was eventually completely lost. At 21° C. 132 transfers, at 26° C. 35 transfers 
and at 37° C. 11 transfers were required to accomplish this. These cultures, although resistant to 
the first phage were susceptible to a second phage when put into use. Wagenaar & Prouty (43) 
found that their resistant culture of Str. cremoris again became susceptible to a phage after 
44 months. Nichols & Ineson (44), working with a mixed starter, found that one of their strains 
quickly became dominant; when this was attacked and eliminated by phage ‘slowness’ resulted for 
2 days, but then the mixture regained its active acid-producing powers. Wahl & Josse-Goichot (45) 
observed that when a mixture of two strains, one susceptible and the other not, were grown 
together with the phage of the susceptible strain, both cultures were lysed. They claim that the 
susceptible strain liberates a thermolabile substance which causes the resistant strain to absorb 
the phage. 

Following the lead of Wilson & Atkinson (46) the phage typing of staphylococci has received 
much attention (50,13,51,47,48). Rowntree was able to classify the staphylococcal phages used by 
her into six serological groups(49). These groups are related to ecological and pathological condi- 
tions. Nichols & Hoyle(12) made a similar attempt to classify the lactis phages by serological 
means. Serological groups of phages were found, but, unfortunately, this did not correlate with 
the phage types of the starter organisms, since many more phage types than serological types 
were described. 
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(d) Starters 


Nichols & Hoyle(1) isolated Streptococcus lactis from sour milk but found only Str. cremoris 
(277 strains) in commercial starters in Great Britain. Thus, Str. cremoris is an important starter 
organism, and strains which can grow well at 37° C. are valuable for cheese-making. According 
to Whitehead & Hunter(2) such strains can be distinguished by the involution forms they produce 
when grown at 37° C. for 5 hr. 

In addition to the lactic acid streptococci, continental starters usually contain heterofermentative 
streptococci (betacocci). The latter organisms are especially valuable in butter starters in which 
they produce a desirable aroma. The stability of the mixed cultures of streptococci and betacocci 
was studied by Pette(3). He assessed the activity of the lactic streptococci by their acid produc- 
tio and the activity of the betacocci by the rate of disappearance of citric acid. From these 
data, Pette obtained a graph in which the line of increasing acidity crosses that for the dis- 
appearance of citric acid. This he termed the equilibrium ‘cross’, and provided there was no 
contamination or phage attack, the mixture of organisms would be stable and the position of the 
cross would not change. Neither the size of inoculum nor temperature changes between 18 and 
21°C. affected this measure of starter stability. Ritter(4) cultured Str. lactis and/or Str. cremoris 
with betacocci at 20° C. He found that the lactis strains were slightly inhibited by the betacocci, 
one strain of Str. cremoris inhibited most of the betacocci, whilst the second strain used could 
be grown with the betacocci without mutual harmful effects. Inhibition disappeared when an 
incubation temperature of 30° C. was used. The maintenance, especially of mixed culture starters, 
is thus quite difficult. Hammer(5) prepared satisfactory butter cultures which were mixtures of 
Str. lactis and citric acid-fermenting streptococci, but for his purposes, the performance of the 
pure Str. lactis starter equalled that of the mixed culture. 

Other reports deal with types and frequency of micro-organisms isolated from starter and tests 
for the selection of organisms suitable for starter work. Titrations are still the most suitable 
means of assessing the rate of acid production of starters. Hlynka & Hood(6) use ‘starter 
quotients’ (a form of acid titrations) which appears to be a convenient way of comparing the 
suitability of different starters; a similar test was used by Hurel & Petransxiene(7). In Russia, 
Gibshman & Baunikova (39) isolated 460 lactic acid streptococci from naturally fermenting milks. 
Their assessment of the suitability of these cultures was based on taxonomic considerations, but 
sufficient biological variability was encountered to render their forecasts unreliable. Cultures 
suitable for butter-starters were isolated by Hurel & Petransxiene(8) from Neuchatel cheese, and 
similar starter organisms were apparently isolated by Keilling & Camers(9) from butter-washings 
and buttermilk. A method for the selective isolation of aroma bacteria is described by Soriano (10). 
He claims that a concentration of 80 mg./l. of bromothymol blue in the medium completely stops 
the growth of Str. lactis, but that the aroma bacteria are not affected. Bang(ll) and Sorensen (12) 
isolated from Swedish and Danish starters respectively a large variety of aroma bacteria, including 
strains of Str. diacetilactis. 

It is well known that starter strains may, with cultivation, deteriorate in rate of acid production. 
Increasing the solids-not-fat content of the milk and reducing the temperature of incubation from 
8 to 70° F. were among the important factors which, according to Olson & Cohenour (13), increased 
the rate of acid production. Storrs & Anderson (4) claim that ‘fast’ and ‘slow’ substrains may 
exist, producing more and less acid per cell. Although the main argument of this paper is not 
clear, there is evidence that yeast extract or fish-meal extract could stimulate the acid production 
of certain strains. Yeast extract is also recommended by Bogdanov(15) for the cultivation of 
starters containing propionic acid bacteria, the latter being stimulated by yeast extract. 

Various drugs used in the treatment of cows suffering from mastitis may be carried over in the 
milk and may alter the suitability of the milk for cheese-making. Hunter(16) and Katznelson & 
Hood(17) agree that a concentration of penicillin of about 0-1 unit/ml. can cause a critical drop 
in the acid production of starter organism, and Krienke(18) and Katznelson & Hood also find the 
lactic streptococci to be susceptible to subtilin and aureomycin. 

Since Str. faecalis is a notoriously hardy organism, known to be resistant to penicillin, the experi- 
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ments of Dahlberg & Kosikowsky using this organism as a starter culture are of interest. [n 
a series of papers(19,20,21) they show that Str. faecalis can be used alone, with good results, but 
the best results are obtained by mixing with ordinary starter in the proportion of 1:1. Ripening 
was accelerated, and the flavour and texture of Cheddar cheese were improved. A similar hastening 
of the flavour development of pasteurized Cheddar cheese is claimed by Alford & Frazier (22) when 
micrococci are included in the starter. 

The presence of aroma bacteria is often desirable in butter starters. There seems to be general 
agreement that acetyl-methyl-carbinol is a most important flavour constituent, a point of view 
confirmed by Pette(23) in a survey of a large number of butter samples in Holland. The origin of 
the flavour substances and the exact chemical intermediates are still under investigation, 
Storgards (24) has shown that aroma bacteria (Leuconostoc) will only produce these substances when 
lactose and citric acid are present simultaneously, and that Ca or Ba ions are necessary. Aroma sub- 
stances were not produced from added acetaldehyde and decarboxylase could not be demonstrated 
with these bacteria. The absence of this substance in fermentations of Leuc. citrovorus has also been 
confirmed by Bang(25). Milk was found to contain an average of 0-18 % citric acid, with slightly less 
in separated than in whole milk(26). The optimum pH for citric acid fermentation is given by 
Storgards(24) as pH 4, which agrees with the findings of Cox(27) and Sjéstrém & Emilsson (28), 
who also found that NaCl markedly inhibited citric acid decomposition and that citric acid, in 
a normal fermentation, disappeared from the medium when the pH fell below 5. This 1s in agree- 
ment with Pette(29), who divided starters into slow and rapid reducers; both produce acetyl- 
methyl-carbinol, but the latter rapidly reduce it to the tasteless 2,3-butyleneglycol. Pette 
regards the oxidation of pyruvic acid to diacetyl as a purely chemical process and assumes two 
unknown intermediates. Contrary to this Krenn & Valik(30) claim that acetaldehyde is inter- 
mediate in the transition of pyruvic acid to acetyl-methyl-carbinol. They claim, moreover, that the 
Leuconostoc strains possess a decarboxylase. The so-called ‘malt-coccus’ of Virtanen & Nikkila() 
also has a decarboxylase, and the production of the malt taint is due to the accumulation of 
acetaldehyde. Nikkila(32) has shown that the latter substance can be produced by a cell-free 
suspension of the ‘malt-coccus’ directly from pyruvic acid. 

In this connexion the results of French workers with Bacillus subtilis are pertinent. They 
obtained evidence, using the Warburg technique, that acetoin is derived from pyruvic acid, but 
acetaldehyde played no part in this. The overall reaction is that two molecules of pyruvic acid 
yield one of diacetyl and two molecules of carbon dioxide. Diacetyl may serve as an extracellular 
food reserve for B. subtilis (33,34,35). 

Gibshman (36) claims that there is no relationship in ‘Streptococcus citrovorus’ fermentations 
between the production of acetyl-methyl-carbinol and diacetyl. Bang(37), also working with 
“Str. citrovorus’, describes four forms which could be differentiated by the amounts of lactic acid 
produced per molecule of glucose. Rodenkirchen (38) claims that quantitative diacetyl determina- 
tions with 30% KOH was valueless for the selection of starter cultures; strains of streptococci 
were encountered which produced bad flavour in butter but which gave strong acetyl-methyl- 
carbinol reaction. It is impossible in the present state of knowledge, to reconcile the conflicting 
statements recorded above. 


II. BUTTER 


In the last microbiological review of this series (Hiscox & Rowlands, 1947) a short bibliography 
replaced the usual review of the progress of research on butter problems. In these circumstances 
the present review will, where necessary, cover publications noted in that bibliography as well 
as others not then available to us for review. 

A serious problem confronting the modern butter industry is that of producing a butter which 
can be held in cold storage for long periods without suffering serious deterioration in quality. 
This is not a new problem, but it has increased in urgency with changing economic conditions. 
It was recognized and faced many years ago by butter-exporting countries such as Australia and 
New Zealand which supplied distant markets, but it did not, until more recently, constitute 














a sel 
expo: 
butte 
expo! 
A 
or fis 
in th 
1s nec 
this | 
deepl 
to thi 
and, » 
Zeala’ 
churn 
Vir 
and N 
buffer 
and ¥ 
count! 
Scand 
made. 
Thom 
The 
for the 
e.g. lov 
the ox: 
fishine 
ment ¢ 
even a 
bacter! 
(e.g. 4° 
At t 
of oxid 
bacteri 
of bact 
in prog 
most c 
of oilin 
Certain 
‘special 
melted 
at the : 
3-7 day 
even U1 
may pr 
during 
bacterie 
In ge 
Hietara 
fact tha 
at a rat 
of the fs 
is higher 








Bacteriology and mycology 215 





a serious problem for the northern European countries, where most of the butter—even that 


» Tn exported—was consumed while still fresh. Now they find it expedient to store surplus summer 











; but butter to maintain winter supplies, and they can no longer rely on the quick consumption of their 
ee. exported butter. 

TINg A troublesome cause of deterioration of butter during cold storage, the development of oily 
vhen or fishy flavours due to oxidation of the fat, may be quite independent of bacterial activity. It is, 





in the main, a chemical problem, and its discussion is avoided here except in so far as its mention 
js necessary to the understanding of some bacteriological findings. Most of the recent work on 
this problem has come from the northern European countries which are, at the moment, the most 
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in of deeply involved, since the ripened cream butter in which they specialize is particularly susceptible 
a. to this fault, because of its high acidity. The butter aroma is highly prized by these countries, 
vhen and, not wishing to lose this by promoting the manufacture of sweet cream butter (as in New 
sub- Zealand and Australia for instance) they are developing a method whereby the ripened cream is 
ated churned as usual, but the butter is neutralized. 

been Virtanen appears to have been the first to conceive the idea of adding a mixture of NaHCO, 
Tess and Na,HPO, as well as NaCl to the worked butter, thus neutralizing it at the time of salting and 
a by buffering it against further changes of pH. This practice was followed with good results in Finland, 
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and was confined to that country for several years, but it eventually spread to surrounding 
countries, even before Virtanen’s results were published in 1943(1,2). It is in Finland and the 
Scandinavian countries that most of the subsequent direct researches on this problem have been 
made. A survey of these developments and the results of these researches has been given by 
Thomé (3). 

The purely chemical considerations cannot be entirely dissociated from the microbiological, 
for the very factors that have been found to be of value in controlling bacterial growth in butter, 
e.g. low pH, high salt content, distribution of the water in fine droplets, are those that accelerate 
the oxidation process, and the measures taken to control the development of the flavours (oiliness, 
fishiness) due to oxidation of the fat, favour bacterial growth and increase the risk of the develop- 
ment of equally undesirable flavours due to bacterial activity. While, however, oxidation proceeds 
even at deep-cold storage temperatures (e.g. —14°C.), bacterial growth is inhibited, and the 
bacterial flavours do not generally develop until the butter is removed to ordinary cold storage 
(e.g. 4° C.) or atmospheric temperatures. 

At these temperatures bacterial growth has a strong controlling influence on the development 
of oxidized flavour in butter. By seizing the oxygen for their own metabolism, actively growing 
bacteria inhibit, or at least delay, oxidation of the fat. Within limits, therefore, the development 
of bacteria in butter may be desirable, but uncontrolled growth would be dangerous, and researches 
in progress will, perhaps, throw light on the types of organism and the conditions in the butter 

















‘hey 
but 
acid 
ular 








ions 
with 

















sad most conducive to maintaining the redox potential at a level unfavourable to the development 
iM Bf of oiliness, at the same time restraining the tendency to the development of bacterial faults. 
a. Certain strains of bacteria, however, secrete oxidase. Storgards & Hietaranta(4) isolated from 
y" ‘special’ salted, stored butter, strains of Micrococcus and Pseudomonas which, when added to 
mM B melted butterfat or incorporated into butter (pH 6-0), increased the peroxide number of the fat, 

at the same time inducing an oily or fishy flavour. The peroxide figure reached a maximum in 

3-7 days at 15-17° C. and then declined, probably because lipolysis became predominant. Though 

even under favourable conditions the effect of these organisms may be slight and transitory, it 
ohy may provide the explanation for the slight rise in the peroxide number sometimes observed 
ao during the early stages of storage. Jezeski & Macy(5) have also isolated many oxidase-positive 
val bacteria from water and butter. 

In general, however, bacterial growth restricts the oxidation of butterfat. In fact, Storgards & 
ich Hietaranta (6) suggest that the good effect of neutralizing butter with ‘special’ salt is due to the 
ty. fact that the high pH (about 6-0) is so favourable to the growth of bacteria that they increase 
ns, tt a tate which reduces the redox potential in the butter to a level which prevents auto-oxidation 
nd ofthe fat. Hietaranta(7) has further pointed out that the redox potential in oily and fishy butter 





is higher than that in neutralized butter or butter showing bacterial defects. In acid, salted butter 
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the lactic acid bacteria are quickly autolysed and the potential therefore rises, but when yeasts 
are growing with them, this rise in potential is much less rapid, and the redox potential then 
approximates the level found in actively growing cultures of the streptococci buffered at pH 6:0, 
Virtanen (2) reports that he found few yeasts in oily or fishy butter. 

However effective bacterial growth may be for the suppression of chemical taints in butter, 
excessive growth of the organisms most commonly found there is undesirable. An acid serum 
limits the types and the extent of their growth, as is clearly shown by the comparative plate 
counts of acid and neutralized butters recorded by various authors(8,9,10). Hietaranta(7,l1) found 
that pH 5-0 was critical for the growth of strains of Proteus isolated from butter, pH 5-5 for most 
strains of Micrococcus and Bacillus, but the yeasts were not inhibited at pH 4-5. Salt also provides 
a means of controlling bacterial growth and may be used with butter of a high pH (about 6-0), but 
when added in more than small amounts to acid butter it encourages the development of oiliness(12) 
which is due to a chemical(3) rather than a bacteriological factor. Hietaranta(7,11) found that 
yeasts and several strains of Micrococcus and Flavobacterium isolated from butter would tolerate 
12% of salt, but that Pseudomonas and Bacillus strains were less tolerant and were inhibited by 
6 to 9%. The action of salt may be somewhat variable, since it may be unevenly distributed in the 
butter. Tuomainen (14,15), was able to demonstrate both acid and neutral, salt and saltless droplets 
in freshly worked ‘special’ salted butter. The salts tended to diffuse through the butter during 
storage, and thus to give a greater degree of uniformity in the stored butter. A fine dispersal of 
the moisture restricts bacterial growth, and new data on this point have been provided by 
Zheltakov (16), Hietaranta(11) and Ritter & Nussbaumer(17), but Soncke Knudsen (18) has pointed 
out that the samples of Danish butter with no free moisture had a greater tendency to oiliness 
during cold storage than the slightly less well-worked samples with a low free moisture content. 

Although deep cold storage inhibits the growth of micro-organisms many are able to grow 
at temperatures near freezing-point. Hietaranta(7,11) points out that most of the actively 
proteolytic and lipolytic bacteria of butter are psychrophilic. Strains of Pseudomonas, Serratia, 
Achromobacter and some strains of Flavobacterium and Alkaligenes, continued to grow at tempera- 
tures between 2 and 8° C., species of Proteus, Micrococcus and Bacillus grew at 15° C. and yeasts 
grew well at 10° C., some even at 5° C. Jezeski & Macy(5) found in water and butter considerable 
numbers of caseolytic and lipolytic organisms capable of growing readily at 8° C. Of forty-one 
cultures selected for closer study twenty-eight were species of Pseudomonas, five of Flavobacterium, 
six of Alkaligenes, one of Achromobacter and one yeast. Many of these were markedly oxidase- 
positive. 

Four papers deal with the general flora of four types of butter both in the fresh state and after 
storage. One, by Grant, Gibbons, Marshall & Lips(19), deals with a sweet cream butter from east 
and west Canada. The second, by Ritter & Nussbaumer(20), is concerned with the Swiss Vorzugs- 
butter, which is made from ripened pasteurized cream by a strictly controlled procedure (2l). 
The third, by Fuchs(22), deals with Swiss Kasereibutter, made by less rigid methods. This paper 
is more particularly concerned with organisms isolated from the equipment and wash waters of 
the dairy, the most general sources of contamination of this class of butter. The fourth, by 
Hietaranta (11), isa comprehensive study of Finnish butter made from ripened cream but neutralized 
and buffered with a mixture of NaHCO, and Na,HPO, at the time of salting. It deals particularly 
with the incidence of faults of bacterial origin. 

Grant et al.(19) were concerned not so much with the identification and enumeration of the 
various types of organisms as with the measurement of their activity in the butter and the conse- 
quent effect on the keeping quality, especially when exposed to high temperatures such as those 
prevailing in the tropics. The samples were held at 30, 50, 70 and 90° F. and examined at intervals 
by taste and smell, and by chemical and bacteriological tests including total count, and counts 
of yeasts and moulds and of proteolytic, lipolytic and oxidase-positive bacteria. During storage 
the numbers of all types of organisms increased initially and then declined. The time needed to 
reach the peak varied with temperature and was shorter in ‘print’ butter than in canned. The 
value of the various tests in assessing the keeping quality of butter during storage was examined 
statistically, and the authors concluded that microbiological tests, such as they had made, were 
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unsatisfactory for the assessment of keeping quality or predicting the flavour score of butter. 
The most useful tests were free acidity, total acidity and fluorescence of the serum. 

Since Vorzugsbutter is made from ripened pasteurized cream, the flora of the fresh butter 
should consist predominantly of the streptococci added in pure cultures as starter. Ritter & 
Nussbaumer(20) found that contaminating organisms were few in number in the fresh butter. 
Yeasts and yeast-like fungi were the most frequent, generally in numbers up to a few thousand 
per gram. Micrococci and microbacteria were also present in most samples, having probably 
survived the pasteurization of the cream. Occasional mould spores were found. Most samples 
were free from coliform organisms (and other Gram-negative rods), but occasionally they were 
present in relatively high numbers, in which case they persisted and even increased during storage. 
The yeasts increased more rapidly than the other organisms, most of which grew only slowly. 

Kasereibutter is often made under less satisfactory conditions, and though the fresh butter 
may be of a good grade, it usually deteriorates on storage. It may be made from sweet un- 
pasteurized cream, and there may thus be a heavy initial contamination, and the growth of these 
and subsequent contaminants from the plant will not be controlled by a high acid serum. Fuchs (22) 
examined the potential contaminants of this type of butter, i.e. the organisms isolated from the 
butter-making equipment and also from the wash waters. He found that the wooden vessels were 
heavily infected, bearing from a few hundred thousand to several millions per square centimetre 
of surface. The proportion of lactic acid bacteria varied but was generally less than 50% of the 
organisms isolated. Species of Micrococcus, Sarcina and Bacillus predominated, but Achromo- 
bacter, Flavobacterium, Pseudomonas and Alkaligenes were also found regularly. Torula, Torulopsis 
and Saccharomyces were the most frequent of the yeast fungi. The coliform organisms were usually 
intermediates or aerogenes spp. Bacterium coli was rarely found. Many of these organisms were 
shown to be proteolytic and lipolytic and therefore potentially harmful to butter in which they 
proliferate. Fuchs has studied the lipolytic action of these organisms in some detail. 

Finnish butter is made from ripened pasteurized cream, but the butter is neutralized to pH 6-0- 
7-0, and at least 1% of salt is added. Such butter, with a high pH in the serum, is a more favour- 
able medium for the growth of bacteria than acid butter which has not been neutralized. Hietar- 
anta’s intensive studies of this type of butter(11) is an important contribution to our knowledge 
of the effects of bacterial growth in butter. He points out that mere numbers of organisms is no 
criterion of the flavour defects—it is their activity that counts, and in this the activity of the 
enzymes of the autolysed cells must also be included. His work clearly indicates the antagonism 
between chemical (e.g. oxidative) and bacterial faults. It is interesting to note the rapid decline 
in chemical faults that occurred when neutralization of butter was introduced into Finnish dairy 
practice in 1926, and the subsequent rise in bacterial faults. As has been noted by other workers 
(Grant et al.(19)), Hietaranta found that protein decomposition was the most frequent under- 
lying cause of deterioration in flavour due to bacteria. He found that Micrococcus and 
Bacillus were the most frequently occurring species in stored (2 weeks) neutralized butter. The 
Gram-negative rods were much less frequent, probably because of their rapid autolysis. Yeasts 
were abundant except in those samples which were most intensely neutralized (to pH 6-0 or 
thereabouts). Psewdomonas spp. were comparatively rare, probably because of their sensitivity 
tosalt. The micrococci were important, since not only were most of them lipolytic and proteolytic 
but many were oxidase-positive, some gave undesirable fermentations of lactose, and some reduced 
diacetyl and thus were potential destroyers of the aroma of the butter. The Bacillus spp. were 
usually strongly lipolytic. Other bacterial faults of butter are discussed at length in this com- 
prehensive paper. 

Lipolysis. The deterioration of the fat is an important factor in assessing the quality of butter, 
especially when it is stored for the considerable periods which seem to be unavoidable under 
present world conditions. The various ways in which the fat may be affected have been discussed 
by Schmalfuss(23) in an extensive review of the literature. Of the changes that may be brought 
about by micro-organisms that which has received most attention is hydrolysis, whereby the 
glycerides of the fat are disintegrated and the fatty acids liberated. The introduction of new 
methods of analysis has facilitated the identification of the free fatty acids. Hillig, Ahlmann & 





218 Reviews of the progress of dairy science 


Montgomery (24,25,26) were able to demonstrate butyric and propionic acids in low-grade cream 
showing off-flavours, but not in first-grade cream. During churning all the propionic, and most 
of the butyric acid, passed into the buttermilk, but a small part of the latter was retained by the 
fat and could be detected in the butter. This butyric acid appeared to be derived, not from the 
butterfat, but from the lactose and lactic acid in the cream. Low-grade cream also contained 
free water-insoluble fatty acids, and these were almost entirely retained in the fat. They did not 
increase significantly when the butter was stored at 40° F. for 5 months unless moulds were 
present. (No mention is made of the presence and possible effect of other lipolytic organisms.) 
Hillig, Lepper & Patterson (27) found that the quantities of water-insoluble acids in commercial 
butters were often higher even than the quantities in butters known to contain decomposed 
cream. Since the water-insoluble acids in low-grade cream are retained in the butter churned 
from it and are not removed by subsequent washings, the estimation of the water-insoluble 
acids (w.1.4.) of butter has been adopted in America as a test for the quality, not only of butter 
but also of the cream from which it was made. Forster(28) has discussed this test and outlined 
the method. Richards & El-Sadek(29) have examined the free fatty acids in butter which had 
become naturally rancid, and butter in which rancidity had been induced by inoculation with 
pure cultures of Aspergillus glaucus, Cladosporium herbarum, Penicillium cyclopium, Achromo- 
bacteria liquidum, Micrococcus aureus or Pseudomonas fluorescens. The acids were grouped as 
volatile, solid and liquid, the quantities being too small for further identification. The results 
indicated that the glycerides of the volatile acids were readily attacked, especially by the moulds, 
and the degree of rancidity was roughly proportional to the amounts of these acids. The liquid 
acids were even more readily liberated. On the basis of their findings the authors suggest that 
olein or linolein might prove a better medium than tributyrin for the detection of lipolytic 
organisms. Zollikofer & Fuchs(30,22), using cultures of lipolytic bacteria isolated from butter- 
making equipment, found that in general the proportion of the total acid liberated by the organisms 
was higher for caproic than for butyric acid. Whether this implied that caproic was more readily 
attacked than butyric, or whether butyric acid was broken down still further was not determined. 
The proportion of higher acids (including oleic) liberated was less than that of the volatile acids. 
Of the organisms examined Pseudomonas spp. were the most strongly lipolytic. Alkaligenes, 
Micrococcus and Sarcina groups were also active lipolytic agents, but the micrococci and Sareina 
varied considerably from strain to strain. 

The possibility of using the liberation of free volatile acids as an index to the quality of butter 
has been examined. Kosikowsky, Dahlberg, Guthrie & Knaysi(31) found that although the 
quantities of volatile acids showed the same general trend as the flavour scores of the butter, 
the agreement was not sufficiently close to suggest more than a rough grading into excellent, 
good, fair and poor. Hietaranta’s(32) findings were similar. A considerable amount of acid could 
be detected before rancidity could be recognized by taste. 

Proteolysis. Some authors(11,19) are of the opinion that proteolysis is a more important factor 
than lipolysis in the development of off-flavours in butter. Many of the bacteria in butter are 
proteolytic, and the end-products of protein breakdown vary much more widely than those of the 
breakdown of fat. With the present tendency to include more casein in butter, especially the 
continuous process butters, the dangers of this type of deterioration is increased (33). In the majority 
of cases, caseolytic organisms from butter are also lipolytic. Piraux & Antoine(34) suggest that if 
this could be established it would be possible to simplify the bacteriological testing of butters and 
omit the tests for lipolytic organisms. 

Pseudomonas spp. are frequently the cause of undesirable flavours in butter. Most species are 
both lipolytic and caseolytic, and many are capable of producing pigments. Although they are 
widely distributed in nature they are not usually reported in large numbers in commercial butter 
of good quality. They are sensitive to salt and acidity, and these factors tend to prevent their 
rapid proliferation, but in some butters favourable conditions develop. The taints and discolora- 
tions caused by this group of organisms are generally superficial, and the accumulation of 
extraneous moisture on the surface of butter during packing and storage may cause local reduc- 
tions of the salt concentration to levels no longer inhibitory for growth(35). One of the most 
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objectionable of these taints is that due to Ps. putrefaciens. A group of scientists working on this 
roblem in Alberta (36,37,38) have shown that the characteristic taint which developed in skim-milk 
media (in alkaline media a putrid odour developed) was linked with changes in the casein fraction. 
A mixture of acetic, butyric and isovaleric acids could be isolated from distillates of the cultures 
of Ps. putrefaciens, and it seemed that the ‘sweaty-feet odour’ was derived from isovaleric acid, 
though the exact constitution of the compound concerned was not fully investigated. The same 
volatile acids were found in cultures of Flavobacterium maloloris, which is also able to produce 
‘sweaty-feet odour’ in milk cultures and surface taint in butter. This organism appears to be of 
less frequent occurrence in water supplies and of less importance than Pseudomonas putrefaciens 
in the development of surface taint on butter. These workers found that the taint did not develop 
in experimental butters made from raw or holder-pasteurized cream. High-temperature pasteuri- 
zation was necessary, and this may explain the sudden appearance of the taint when high-tempera- 
ture pasteurization of cream was introduced into the creameries(36). Elliker(39,40) has reported 
that Ps. putrefaciens rapidly reduces diacetyl, so destroying the aroma and giving the butter 
a flat flavour. This reaction was characteristic of many strains of Pseudomonas. Control butters 
to which Streptococcus lactis was added maintained their aroma. Claydon(41), on the other hand, 
attributed the development of a ‘skunk-like odour’ in butter to the growth together of Pseudomonas 
spp. and Streptococcus lactis. Thomson (42) has examined the incidence of Pseudomonas putrefaciens 
in New Zealand butter as graded for export, using enrichment methods for the isolation of the 
organism. He found the infection of butter was more frequent than had been realized, but various 
factors may inhibit further growth, and the development of surface taint is not an inevitable 
consequence of this early infection. The conditions of retail distribution, in which butter may be 
exposed to atmospheric temperatures for varying lengths of time, may, however, favour the 
growth of the organisms and development of the taint before the butter reaches the consumer. 
The author points out the great need for more investigations of the microbiology of butter under 
various conditions of storage, a suggestion which is peculiarly apt under present-day conditions 
when stores of food of all kinds must be carried. As has been found in other localities there was 
a connexion between the type of factory and the incidence of Ps. putrefaciens in the butter. 
Infection was rare in factories with a generally high standard of cleanliness, but the organism 
could almost invariably be isolated from the butter of others using less careful methods. The major 
source of the organisms was the equipment. They were found in the water at only one factory, 
but the tests of the water supplies were not exhaustive. Of sixty cultures of organisms growing 
naturally in water Castell & McDermott (43) found many able to grow in pure culture in tap water 
at room temperature, but Ps. putrefaciens appeared to grow better in the presence of certain other 
organisms. Organisms in the factory tanks were inhibited by concentrations of at least 1% 
chlorine. According to Long & Hammer(44) Ps. putrefaciens was usually destroyed by 5-10 sec. 
treatment with a solution containing 5 p.p.m. of chlorine. They found no cases of exceptional 
resistance which might explain the persistence of the defect in butter, even after the wash water 
and plant equipment had been treated with chlorine. In spite of the widespread occurrence of 
the black discoloration of butter its cause, Ps. nigrifaciens, has only occasionally been isolated 
from the wash water (35,45). When first described, this discoloration was encountered only on lightly 
salted butters. More recently, it has been found on butter containing 1-5-2°%, of salt (10-12% in 
the serum) (35,46), which is contrary to the findings of laboratory culture, in which the organism 
was shown to be intolerant of salt concentrations higher than 5% in the medium. It is suggested 
that moisture deposited on the surface of such butter might lower the salt concentration in those 
areas to a level at which this organism can grow. Katznelson & White(47) have studied the 
peculiar nutritional requirements of Ps. nigrifaciens. The requirements for growth are not always 
the same as those for pigment formation, and the type of amino-acid appears to be important. 
Coliform organisms. Thomson (48) found aerogenes-cloacae strains more frequently than Bacterium 
coli strains in New Zealand butter, though the proportion varied with the season. The former 
remained at almost the same level throughout the year, but the latter increased in numbers 
during the warmer months. Some atypical aerogenes-cloacae strains gave gas in milk but not in 
McConkey broth. The coliform test on line-run samples is a good test of plant contamination (49), 
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but the coliform organisms of fresh butter are so susceptible to various conditions, suclr as salt 
content and low temperature, that the count may bear no relationship to the keeping quality, 
Salted butter made from cream containing large numbers of coliform organisms may have a low 
coliform count. Singh & Nelson (49,50) have shown that, generally speaking, a high coliform count, 
especially greater than 300/ml., generally denoted a butter of poor keeping quality, but it did 
not follow that a low coliform count indicated butter of good keeping quality. These figures are 
of the same order as those of Zeilinger(51), who suggested that if coliform organisms are present 
in 1/10, but absent in 1/100 ml., the butter may be of fair quality, but if present in 1/100 ml. 
there is greater certainty that it will be of a poor keeping quality. In short, the coliform count 
is not a true index of the keeping quality, but, nevertheless, it serves a useful purpose in the 
bacteriological testing of butter. Thomson (48) has studied litmus milk as a medium for this test 
and has found that only when curd was formed were definite gas bubbles developed and held 
in the medium. Clearer results were obtained when the milk was thickened with 1% agar. The 
solid medium prevented the escape of the bubbles produced in the early stages of the fermentation. 

Control and grading. Most butter-making countries impose standards, but they are mainly 
physical, chemical and sensory, and little use is made of bacteriological tests. The method of 
scoring varies with the country. Csiszdr(52) points out the inconsistencies of this procedure and 
advocates an international butter-scoring system. In Denmark(53) the butter is held for 14 days 
at 13° C. before scoring. The moisture and salt contents, the catalase and free-moisture numbers, 
the mould count and any defects are considered in assessing the score. The catalase number is 
regarded as an indication of the number of organisms, other than lactic acid bacteria, in the butter. 
Galesloot(54), however, points out that, since with some organisms the catalase number varies 
with pH, this may lead to false conclusions. In England (55) the grading is based on flavour, body, 
texture, colour appearance and absence of free moisture. The cream must be pasteurized, the salt 
content must not exceed 2-0%, and the making of sweet-cream butter is encouraged. In all 
butter-making countries scientific advice is available to all producers, but in some countries 
special services have been set up for the help of the member factories. The Queensland Butter 
Service, for instance, instituted in 1940, is discusssed by Muller & Nichols(56). The records show 
that, with the exception of the war years, there has been a steady improvement in the bacteri- 
ological and chemical quality of the butter during the 9 years of the Service. A somewhat similar 
service in France (Service de Controle des Beurres Pasteurisés) has been instrumental in improving 
the quality of French butter (57,58,59,60). 


III. CHEESE 


Research during the period under review has been chiefly concerned with cheese belonging to 
the well-known Cheddar, Emmenthal and blue-veined types. Less widely known types have also 
been studied and their characteristic flora at the various stages of ripening described. Renco(1) 
has described Taleggio cheese, a semi-soft cheese in the manufacture of which mixed cultures of 
Streptococcus thermophilus, Str. lactis, Str. cremoris and Lactobacillus bulgaricus are used. Zollikofer 
& Fuchs(2) have described Toggenburg, a sour milk cheese, Zollikofer & Hamdi(3) a small soft 
cheese of the Camembert type, and Zollikofer & Juri(4) Piora, a hard cheese of the Tilsit type, all 
from Alpine regions. The sequence of changes of the surface flora of Tilsit, Gruyére, Belle Suisse 
and Limburg cheese have been studied by Janiak(5). It did not appear that any type of organism 
was specific for either of these cheese, and cocci, many of them slime and pigment producers, were 
the dominant organisms of the smear in each type. Most of the organisms isolated were tolerant 
of salt in the concentrations found on the various cheese. Iya & Frazier(6) found that the yeast 
(Mycoderma sp.) on the surface smear of Brick cheese metabolizes the lactates and changes the 
pH to a value more conducive to the growth of Bacillus linens. It also supplies growth factors 
which promote the growth of this same organism. Hurel & Mocquot(7) have compared the flora 
and ripening processes of Livarot and Pont-l’Eveque cheese. The lower acidity and the greater 
surface area of Pont-l’Eveque are more favourable to the development of surface flora than the 
high acidity and cylindrical shape of the Livarot cheese. Ripening proceeds from the surface 
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inwards, hence the Pont-l’Eveque cheese matures in 4-6 weeks, whereas the Liverot requires 
2-4 months. The surface flora can to some extent be controlled by the degree of salting and the 
time at which this is applied. The changes in the flora of Brynza cheese have been described by 
Proks & Maxa(8) and of Soviet, Yaroslav and Volga cheese by Runov(9). 

Cheese flavour. Amino-acids. In the research on the more widely known types of cheese the 
development of flavour has been one of the main considerations. The role of amino-acids, long 
regarded as important to the maturation and flavour development in cheese, have been studied 
afresh. It is realized that an estimate of the Sorensen nitrogen is not in itself an infallible guide 
to the quality of maturing cheese, especially to the development of flavours characteristic of any 
particular type, and closer attention has been paid to the part played by individual amino-acids 
as flavour-promoting substances. This has been emphasized by Storgards & Hietaranta(10) for 
Emmenthal cheese. They found that glutamic acid gave a cheese-like flavour to milk, aspartic 
acid a weak, sour flavour, and basic amino-acids an unpleasant flavour. Virtanen, Kreula & 
Nurmikko (11,12) studied more particularly the proline, hydroxyproline and arginine contents of 
Emmenthal cheese. They attributed the characteristic sweet taste of this cheese to proline—the 
higher the proline content the sweeter the flavour. The amount of hydroxyproline was too small to 
add appreciably to the sweet taste. Arginine, on the other hand, gave an objectionable flavour, but 
thisamino-acid appeared to be readily decomposed and the amount of free arginine decreased as the 
cheese matured. The amount in the ripe cheese was usually too small to give a pronounced flavour. 
Harper & Swanson (13) used microbiological assays to study the amino-acids in American Cheddar 
cheese of ages varying from 2 weeks to 4 years. They found that glutamic acid, glycine, leucine, 
isoleucine, lysine and valine increased with the age of the cheese; the quantities were greatest in 
those with the strongest cheese flavour. The addition of these amino-acids to fresh curds gave 
flavours (but no odour) reminiscent of cheese. Glutamic acid added alone gave a bland flavour, 
and the omission of aspartic acid improved the flavour. Reihard & Garey(14) also used micro- 
biological methods and found similar increases in the amino-acid contents of American Cheddar 
cheese. At the end of 12 weeks threonine, methionine and lysine had doubled and valine trebled 
in amount, leucine and isoleucine had increased four times and glutamic acid seven times. There 
was no significant increase in the small amounts of free tyrosine and tryptophane. The free 
amino-acids increased more rapidly in raw than in the pasteurized milk cheese. Similar results 
were recorded for Trappist cheese. Erekson(15) found more free tryptophane in highly flavoured 
cheese than in those with a mild flavour. Baker & Nelson(16) studied the flavour development in 
American Cheddar cheese made from raw or pasteurized milk when various amino-acids were 
added to the curd. They found no consistent improvement in flavour that could be attributed to 
the presence of amino-acids, with the possible exceptions that histidine gave a definitely un- 
desirable flavour and serine a slightly improved flavour. This improvement may, however, have 
been the indirect result of the favourable influence of this amino-acid on the growth of lactobacilli. 
Proom & Woiwod(17) have noted that serine appears to be of special significance in bacterial 
metabolism. For most bacteria it is the first amino-acid to disappear from culture fluids. These 
experiments recall the importance of the amino-acids in the maturation of cheese, and it may be 
expected that with modern developments of microbiological assay and chromatography, advances 
will be made in the study of their significance in all types of cheese. 

Dahlberg & Kosikowsky (18) have studied this problem of flavour development from another 
angle, apparently with the ultimate aim of establishing a reasonably rapid and simple test by 
which the flavour (and grade) of cheese can be estimated on a large scale. They found that neither 
volatile acidity nor soluble protein was sufficiently closely related to Cheddar cheese flavour to 
act as a reliable index of quality and grade. They found a closer relationship between the tyramine 
content and the intensity of flavour (19,20,21), Their conclusions were based on the examination of 
Cheddar cheese from various sources and of various ages, made from raw and pasteurized milk. 
Since many of the chemical changes in cheese of this type are due to bacterial enzymes, they 
studied the possibility that the production of tyramine was due to the action of Streptococcus 
faecalis, an organism frequently found in cheese and adaptable to the temperatures, acidity, 
oxygen conditions and salt concentrations to which it may be exposed during the making and 
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ripening of the cheese. They found that the use of Str. faecalis as starter or in combination with 
a Str. lactis starter increased the tyramine content and flavour of the cheese. A strain which 
curdled milk rapidly was selected for use as a starter for experimental cheese. The organisms 
increased rapidly during the cheese-making process, and persisted as the dominant flora throughout 
the ripening period instead of rapidly declining in numbers after the initial stages, as was the case 
when Sér. lactis alone was added as starter. Similar trends were observed for the mixed starter, 
Volatile acids were lowest in the cheese made with the Sér. faecalis starter. The flavour scores 
were lowest for those made with Str. lactis and highest for those with the mixed starter. The 
former contained least tyramine, the latter most. There was a general correlation between the 
flavour score and the tyramine content. The rate of development of tyramine was greatest when 
the ripening temperature was 60° F.(22). Experimental cheese made from milk of good quality 
using Str. lactis as starter showed only very slight development of tyramine, much less than that 
found in commercial cheese. The improvement in flavour when Str. faecalis was added with the 
starter was most marked for those cheese made from milk with a low Str. faecalis content. Tyramine 
is probably not itself a flavour constituent; it did not impart a cheese flavour to fresh cheese curd. 
The deliberate addition of Str. faecalis to a food may be viewed with some apprehension, but a 
specially selected strain was used in these experiments, and it will not be recommended for use 
in the manufacture of other than experimental cheese until it has been proved that such cheese 
would have no ill-effect on health(23), The technique used for the estimations of tyramine in the 
initial experiments was long and tedious and was unsuited for tests on a large scale, but the 
simpler technique now described is more adaptable for general use (24,25). 

Fatty acids. More than one line of approach has been used in the study of the lipolysis of the 
fat in cheese. Sheuring & Tuckey(26) determined the changes in the fat constants at intervals 
during the ripening of Cheddar cheese. There was a consistent increase in the acid number, 
greater for cheese made from raw milk than for those made from pasteurized. The other constants 
gave less consistent results, but in general they indicated that some hydrolysis of the fat had 
taken place. Pasteurization of the cheese milk reduced hydrolysis, and the flavour of the cheese 
was less pleasing than that of the corresponding raw-milk cheese. Homogenization of the milk 
at low pressure had little effect, but high pressures weakened the body and texture of cheese. 
The addition of acetic and propionic acids to the curds accelerated hydrolysis, but abnormal and 
bitter flavours developed. The addition of citric acid or starter distillate gave cheese with the 
highest flavour score. 

Rancidity is one of the most serious causes of loss of quality in Canadian Cheddar cheese (21), 
and researches at Ottawa by Hood and his colleagues are directed towards the elucidation and 
elimination of this fault (28,29,30,31). Canadian cheese is generally made from raw milk, and milk 
lipase is considered an important factor in the development of the taint which arises from lipolysis 
of the fat. The extent of the lipolysis was measured by the degree of acidity of the fat, and this 
was found to be correlated with the intensity of the flavour. Experimental cheese made from milk 
infected with lipolytic organisms isolated from corn silage and low-grade milk supplies also 
developed the objectionable flavour and high fat acidity. The acidity of standard first-grade 
cheese was about 1-0 ml. 0-1N acid per 10 g. of fat, but when the figure was 2-8 ml. or more an 
unclean or rancid flavour was usually noted in the cheese. The use of homogenized milk increased 
the rancidity. Janzen & Brown(32) have shown that Canadian Cheddar cheese made from 
pasteurized milk received higher flavour scores than the corresponding cheese made from raw 
milk, and there were indications of a consumers’ preference for the former type. 

According to workers at Wisconsin, milk lipase is most active at pH 8-5 and inactive at the 
pH of Cheddar cheese, and therefore will be unlikely to effect lipolysis of fat during the ripening 
of the cheese(33,34). Milk lipase could no longer be detected in the cheese after pressing, but 
cheese lipase produced by lipolytic bacteria in the cheese was active at pH 5, and was first detected 
after 5-20 days’ ripening. In raw-milk cheese the quantity increased to a maximum in 80-90 days 
and then remained constant. In corresponding cheese made from pasteurized milk the quantity 
rose to a maximum in 5-20 days, and after a decline again rose to a value about half that in the 
corresponding raw-milk cheese. Peterson, Johnson & Price(35) have examined the free fatty acids 
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that may be found in Cheddar cheese at various stages of the ripening process, using a partition 
chromatography technique elaborated by them(36). They found that acetic and butyric acids 
developed during the making of the cheese, but were almost quantitatively removed with the 
whey at dipping. They increased again rapidly in the curd during the next 20 hr. and more slowly 
throughout 420 days of ripening. Caproic, caprylic and capric acids were not found in the cheese 
until after 30 days, but the amount increased during the remainder of the maturation period. 
The development of fatty acids was more marked in the raw than in the pasteurized milk cheese 
with the exception of caproic acid, which was of almost the same value in both types of cheese. 
It is suggested that the production of acetic acid was due to bacterial fermentation of lactose in 
the early stages and of lactate in the later stages of ripening, and that part at least of the butyric, 
and all of the caproic, caprylic and capric acids were due to the action of bacterial lipases. This 
may be due to the direct action of actively growing lipolytic bacteria, but these workers suggest 
that a delayed lipolytic activity of other bacteria in cheese is of even greater significance. Peterson 
& Johnson (37) have shown that, although certain strains of lactobacilli and micrococci, isolated 
from cheese, are not appreciably lipolytic during their normal life cycle, their autolysed cells 
(old cultures) hydrolyse butterfat. The amounts and types of fatty acids liberated varied with 
the strain of organism. This agrees with earlier work of Wolf(38), who was able to demonstrate 
the release of a lipase from cells of a strain of Lactobacillus casei when the cell walls were digested 
with trypsin. He offered this as an explanation for the late development of butyric acid in Cheddar 
cheese. 

Although lipolysis of fat may be an important factor in the development of true Cheddar 
flavour, it is of major importance in blue-veined cheese, where the dominant agent in the ripening 
process is a strongly lipolytic mould. Nevertheless, the flavour of these cheese has been found 
to be less good when pasteurized milk has replaced raw in their manufacture, and workers at 
Iowa have continued their study of this problem. They have sought to replace the milk lipase, 
destroyed by pasteurization, with other lipolytic agents which would be active in the early stages 
of the ripening process. Of several organisms tested for this purpose, Candida (Mycotorula) 
lipolytica was found to be the most suitable. It is active over a wide range of acidity (pH 4-0-8-0), 
but the optimum is at pH 6-2-6-5, and although it is active at 10° C. its optimum temperatures 
are 28-33° C. Extensive experiments have been made on the use of cell-free filtrates of cultures 
of this organism and of a mould enzyme preparation of Penicillium roqueforti for the improvement 
of flavour of blue cheese made from pasteurized milk. Cultures were, however, more readily 
prepared than the enzyme solutions. These experiments are discussed in a series of papers by 
Peters, Nelson & Parmelee(39)-(47). Strains of Candida lipolytica vary in activity, and carefully 
selected strains, used in suitable strength, were necessary for the best results. Too big an inoculum 
gave excessive amounts of volatile acids and spoiled the flavour. The mould enzyme preparation 
also gave poor results if used in too large quantities. Not only did the excessive amounts of 
volatile acids affect the flavour but, because of their toxicity, they also inhibited normal mould 
growth and spoiled the appearance of the cheese. Numerous estimations were made of the pro- 
ducts of protein breakdown, volatile acids, fat acidity and flavour and the results analysed 
statistically. There was a highly significant correlation between the volatile acidity (determined 
by direct steam distillation of an acidified cheese mush) of the cheese to which C. lipolytica or 
mould enzyme preparation was added and the flavour scored, but no correlation between fat 
acidity and flavour score (48). 

Statements concerning the correlation between volatile acidity, fat acidity and cheese flavour 
often appear to be contradictory. But this subject has been studied from diverse angles and with 
diverse aims, and various methods, some of which were inadequate, have been used for the 
estimations. Until recently little attention has been paid to the relative amounts of the individual 
volatile acids. They do not always remain stable in the cheese. Patton(49) has studied one of the 
ways in which the volatile acids in blue cheese are converted into even more strongly flavoured 
substances. He has extracted and tentatively estimated the methyl ketones and has been able 
to demonstrate the presence of acetone, pentanone-2, heptanone-2, and nonanone-2 which may 
have been formed from butyric, caproic, caprylic and capric acids respectively. Morris, Combs & 
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Coulter (50) investigated the influence of the coat on the flavour and quality of blue-veined cheese, 
They studied the sequence of changes in the surface flora of Minnesota blue cheese. The initial 
development of yeasts and a few moulds was followed by a predominance of rod-forms together 
with some micrococci at later stages. It was difficult to determine the influence of the smear flora 
because of the predominance of the changes due to Penicillium roqueforti, but the cheese with 
a normal surface growth had a higher total volatile acidity, amino-nitrogen and pH, and a finer 
flavour and better texture than those on which there was no surface growth. If the smear was 
allowed to persist for too long a period a Limburger-like flavour penetrated the cheese. Golding 
has continued his study of the gas requirements of the moulds of blue-veined cheese. Miller & 
Golding (51) found that these moulds required only small amounts of oxygen for normal growth, 
and for this they largely depended on the oxygen dissolved in the medium. Golding (52) had earlier 
shown that, similarly, the inhibitory action of CO, on mould growth was governed not by the 
proportion of it in the atmosphere but by its solubility in the medium. 

The production of the correct acidity necessary for the conclusion of the various stages of cheese 
manufacture has been regarded as the primary function of a cheese starter. With the inclusion 
of aroma bacteria as components of these starters the possibility of their subsequent influence 
on the cheese-ripening processes cannot be ignored. Calbert & Price(53,54,55) demonstrated the 
presence of diacetyl in cheese. It was produced in increasing quantities during the cheese-making 
process (with the exception of the period between salting and cutting), but a decrease was noted 
during the early stages of ripening. It seemed probable that diacetyl was an essential component 
of the flavour of these cheese, but quantities greater than 0-05 mg. diacetyl per 100 g. cheese 
were deleterious. Clarke & Golding(56) found that Roquefort cheese with more abundant mould 
growth and better flavour were obtained when Streptococcus lactis or a mixed commercial starter 
were used than when Str. cremoris was used as starter. The mixed starter was the most desirable 
of the three when used in combination with one particular strain of Penicillium roqueforti. Thomé 
& Pollack (57,58) found that a mixed starter containing both streptococci and betacocci gave good 
eye formation and fairly good flavour in Swedish Manor cheese, even in the absence of propionic 
acid bacteria. 

A bitter flavour is often noted in Cheddar and other cheese. Sometimes this is apparently 
a temporary phase of lipolysis, and as such disappears during later stages of ripening. Sometimes 
it persists and various explanations have been put forward as to the possible causes. These were 
reviewed and discussed by Hood & Gibson(59). Golding(60) found that experimental Cheddar 
cheese made from pasteurized milk were often bitter when pure cultures of Streptococcus lactis 
and Str. cremoris were used as starters. With ordinary commercial mixed starter the cheese were 
of good quality. 

Tests of the influence of specific organisms on the flavour of the ripe cheese continue. Various 
strains of Streptococcus and Lactobacillus have been examined by Tittsler, Sanders, Lochry& 
Sager(61). Most strains had little or no effect on the flavour of the cheese but Streptococcus 
liquefaciens gave increased proteolysis and an objectionable flavour. Lactobacillus brevis and 
L. fermenti also gave objectionable flavours, but L. casei and L. plantarum improved the flavour, 
the latter without the development of undue acidity. Alford & Frazier (62,63) have studied the 
effect of micrococci. They isolated numerous strains from cheese, most of which they identified as 
Micrococcus freudenreichii, M. caseolyticus and M. conglomeratus. Two strains of M. freudenreichi, 
one of which lipolysed butterfat, were added to experimental raw and pasteurized milk cheese, 
to the former with the starter, to the latter as cells incorporated with the ground curd. The 
organisms increased rapidly in the former but showed little change in the latter cheese. There was 
an earlier and more rapid development of flavour in the cheese to which the micrococci had been 
added; but later the flavours tended to be of equal strength. 

Cheese of the Emmenthal type have been the subject of numerous researches, partly because 
of the considerable losses sustained by the industry as the result of faulty fermentations. The 
normal fermentations differ from those of Cheddar cheese and arise from quite different conditions 
in the cheese. The fermentation of lactate by propionic acid bacteria is important and is largely 
responsible for the eye formation and development of flavour. It has been studied by Kiuru(é4), 
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who found a sharp optimum at pH 6-0 for the propionic fermentation, so that pH control is 
important in the making of this cheese. The ratio of propionic to acetic acid could be varied 
either by a change in the starter organisms or by a change in the water/lactose ratio(65). Thus 
when Lactobacillus helveticus and Streptococcus thermophilus were used as a mixed starter, the 
propionic/acetic acid ratios were lower than if Lactobacillus helveticus was used alone. A similar 
result was obtained when 10%, additional lactose was used in the kettle milk. The rate of propionic 
acid fermentation from lactate depends, to some extent at least, on the optical activity of the 
lactic acid produced (66). L. lactis produces L-lactic acid and the subsequent propionic acid 
fermentation is delayed, but after Streptococcus thermophilus or Lactobacillus helveticus which 
produce D- or DL-lactic acids the propionic fermentation is markedly faster. The experimental 
technique used by Kiuru in all these papers consisted in growing the organisms in chalk milk 
with constant shaking, and measuring the metabolic activity by means of the CO, evolved. This 
technique is clearly valid when the fermentation of lactose is being studied, the source of the CO, 
is less clear when propionate is formed from lactate. The change in E,, during propionic acid 
fermentation, was also followed (67), and after the addition of various substances to raise the E, 
once it had fallen to a level of —50 to —120 m.v. Of these substances potassium bromate was 
inhibitory, not only because of its effect on E,,, but also because of its toxicity. Much the same 
was shown to be true of various iron compounds. Rollman & Sjéstrém (68) have investigated the 
effect of salt, saltpetre and heat. They found that the inhibitory effect of various concentrations 
of salt and saltpetre on propionic acid cultures over a pH range of 5-2-7-0 could be counteracted 
to some extent by raising the pH. Pasteurization at 70°C. for 10-15 min. inactivated their 
cultures. Tomka (69) claims that propionic acid bacteria are poor diacetyl producers, and according 
to Thomé (70), even eye formation in Swedish cheese may be attributed to the betacocci. Anaerobic 
micrococci((57), general) ferment lactate with the formation of acetic and propionic acids and 
hydrogen, and thus may, if present, quite conceivably play a part in the ripening of this type of 
cheese. 

The butyric acid bacilli are perhaps the most important source of trouble in Emmenthal 
cheese manufacture. They are difficult to cultivate in the laboratory, and our knowledge of them 
is consequently limited. Their taxonomy is confused, and recently two species have been given 
species rank on relatively weak grounds(71,72,104). Spray (73) claims that a starch-like material, 
‘sranulose’, which is formed on semi-solid agar, is useful in identifying Clostridium perfringens. 
Richard (74) finds that freshly isolated strains are variable, including their staining properties 
with iodine. A second important difficulty with these organisms has been the problem of the 
dormancy of the spores, and although sporulation occurs freely under natural conditions, this 
cannot be reproduced invariably in vitro. Foster & Wynne(75,76) have in a series of interesting, 
if rather speculative, papers, investigated this problem for Cl. botulinum. Some spores have 
definite CO, requirements, but it is claimed that inhibitors of germination, e.g. oleic acid, occur 
in natural media, and it is concluded that dormancy is not so much a physiological condition 
as a function of the medium. Kiuru(77) claims that if milk has been previously fermented with 
propionic acid bacteria, gas production by Cl. butyricum will be initiated with certainty. There 
is little doubt, however, that the whole question has been put on an entirely new basis by the 
important work of Bhat & Barker(72). These workers noted that large amounts of yeast extract 
were required to support the growth of their strain of Clostridium; normal amounts could not 
satisfy its acetate requirements. They showed further that when lactate is utilized acetate, 
butyrate, H, and CO, are formed, and that acetate is necessary to initiate this reaction. 
Hietaranta(78) has estimated the acetate content of Emmenthal cheese, as well as the E,, and 
finds that good conditions for the growth of clostridia occur, although in isolated foci. 

Swiss workers (79) have studied the distribution of butyric acid bacteria and find that equipment 
in dairies can be a seat of infection, and that the whey from such dairies may contaminate 
producers’ milk on the farm. Calves’ stomachs (80), used for rennet manufacture, were not a source 
of contamination, but silage is a well-known and prolific source of these organisms. Hanusch (81) 
has again recently confirmed that the gassy fault of cheese is primarily due to the butyric acid 
bacteria. Bacteria-free silage extract added to the cheese milk did not promote the fault. 
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Extensive literature has accumulated on the use of oxidizing agents in the control of butyric 
acid bacteria in cheese. ‘Antistof’ (82) was claimed to be effective, but this is denied by Yos (83,84), 
who claims that potassium nitrate is the most effective agent for use in cheese as it maintains its 
full activity. Potassium bromate mixed with common salt or saltpetre, and marketed as Antibut 
E.S. and Antibut D respectively, were found by Pedersen & Mogensen(85) to be effective only 
in concentrations which also inhibited the lactic and propionic fermentations, and similar results 
were obtained by Peltola(86). The mechanism of this inhibition by potassium bromate was studied 
in detail by Mogensen (87), and Pedersen & Mogensen also studied the effect of mixtures of per- 
borates with saltpetre and salt(88). The latter mixtures, marketed as Murit S and Murit R, gave 
much the same results as the two Antibuts. The same authors also found that potassium chlorate 
was not a practical success (89). 

In this connexion the sensitivity of these clostridia to salt is of interest. The interrelationship 
of salt concentration and pH is similar to that described by Rollman & Sjéstrém (68) for propionic 
acid bacteria. Thus Zollikofer & Richard (90) found that 4% NaCl was no longer inhibitory when 
the pH was raised from c. 5:3 to 6:8. 

Emmenthal type cheese is subject to a variety of other faults which, although troublesome 
locally, have not the same economic importance as the blowing caused by the butyric acid bacteria. 
The most important of these, the so-called ‘early gas formation’, occurs within a few days of 
making and is usually due to fermentations caused by coliform organisms or yeasts. Pedersen, 
Andersen & Lind (91) recently reported a case of this sort in which the source of the trouble was 
shown to be post-pasteurization reinfection of the cheese milk with coliform organisms. Lind (92) 
has shown that the presence of coliform organisms in this type of cheese may hasten the growth 
of the propionic acid bacteria and thus lead to precocious eye formation. Swartling & Olsson (93) 
attempted without success to suppress the faults due to the action of coliform organisms by 
means of saltpetre. Pedersen, Andersen & Lind (94) also reported on faulty fermentations due to 
yeasts. Yeasts do not as a rule survive pasteurization (cf. Galesloot(95)) and post-pasteurization 
cleanliness is of great importance in avoiding early gas formation in cheese. 

Defects of colour may also occur in this cheese. ‘ Bacillus putrificus verrucosus’ has been shown 
to produce grey spots (9). Ritter & Ritter (97) report on the odour and black discoloration produced 
by ‘ Bact. proteolyticum’ through precipitation by hydrogen of sulphides of heavy metals. Brown 
spots, according to Tomka(98), may be produced by propionic acid bacteria if only few of them 
are present in cheese, and the brownish pink colour which may appear in the cracked open portions 
of a cheese may, according to Virtanen & Kiuru(99), be produced by Lactobacillus helveticus. 

Processed cheese is also liable to spoilage, mainly by anaerobic sporeformers. Pette & Liebert (100) 
found the causative organism in Dutch processed cheese to be a butyric acid bacterium, but 
Australian reports attribute the fault to Clostridiwm sporogenes and Cl. welchii (101,102), The former 
of these organisms was also isolated from spoilt Canadian processed cheese (103), whereas Lebert (104) 
isolated an apparently new type of Clostridium from processed Gruyére cheese. 

Factors which affect the gas production in the processed cheese are, according to Pette & 
Liebert (100), low E,, and the blending temperature, which is usually high enough to destroy the 
lactic flora. According to the Australian report(10l) samples of cheese which contained the spoilage 
organisms, but no unutilized lactose, showed no bacterial deterioration. Hood & Bowen(103) 
obtained substantially the same results as the Australian workers, using Canadian processed 
cheese. 

The study of cheese ripening has been aided by new or improved techniques. Two methods 
are described (105,106) of making experimental cheese on a laboratory scale using milk that has 
been sterilized with H,O,. With this technique Emilsson & Sjéstrém (105) showed that starter 
organisms and Bacteriwm coli were able to ferment citric acid under conditions simulating those 
of cheese. Developments in partition chromatography allow the full range of volatile fatty acids 
to be identified. Ramsey & Patterson(107) and Peterson & Johnson(36) have used silica-gel 
columns. Fink & Fink (108), Brown & Hall (109) and Hiscox & Berridge (110) have used paper strips. 
Mogensen (111) has described a colorimetric test for estimating tyrosine and tryptophane in cheese, 
which gives a quick estimate of its ripeness. Kosikowsky(112) has used paper chromatography 
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for the determination of the amino-acids and amines in Cheddar cheese. Thomé, Rasmussen & 
(Olsson (113) used X-ray photography of horizontal planes (planigraphy or tomography), as an aid 
to the study of eye formation in Swedish cheese. 

Much damage may be done to the coat of cheese by moulds and mites, and the most satisfactory 
remedy has been the treatment of the coat with chemicals. Propionates are effective inhibitors 
of mould growth, and Olson & Macy (114) have collected data which suggest that the undissociated 
propionic acid molecules are the chief factors in this inhibition. Spirit solution of Nipagin 
(methyl-p-hydroxy-benzoic acid) followed by paraffin coating is also effective, but the cheese 
need to be dry before applying the paraffin coat, if this is not to break away from the cheese coat. 
Tammisto & Peltola(115) showed that if Edam cheese were dipped into a 15% aqueous solution 
of Nipagin M-sodium (sodium salt of Nipagin), after removal from the normal brine bath, they 
would be protected from mould growth for about 5 weeks when they could be safely coated with 
paraffin. Pedersen & Madsen (116,117) found that although Meilit V and Meilit 8 (C,,.H,,O,Br) 
were inhibitory to mould growth on culture media, Meilit V did not control mould growth on 
cheese, probably because the presence of protein interfered with its fungicidal action. Meilit S 
and F146, a wall paint, were effective in completely freeing a damp wall from moulds. 

Dichloroethyl ether has been used with good effect in the control of mites. Muggeridge & 
Dolby (118) tried various waxes and powders but found them all unsatisfactory. The only effective 
means was fumigation of the ripening room at intervals. Methyl bromide was a satisfactory 
fumigant, but it was too expensive for general use. Dichloroethyl ether was less costly and gave 
good results. This fumigant was later tried and approved in Australia(119,120), Canada(12l) and 
New Zealand (122), Tilting the cheese at a slight angle gave access to the mites lying beneath 
the undersurface of the cheese and improved the effectiveness of the fumigation. 

E. R. HISCOX 
A. HIRSCH 
NATIONAL INSTITUTE FOR RESEARCH IN DAIRYING, 
UNIVERSITY OF READING 
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